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INTRODUCTION TO DEEPWATER PORT ALTERNATIVES
FOR NEW JERSEY - VOLUME I

This volume contains complete reports prepared by several consultants who participated in the Deepwater Port
Alternatives For New Jersey study under subcontract to The Port Authority of New York and New Jersey. A
general summary of conclusions from each of their investigations is found in Chapter 10. It is worth noting that
these reports do not constitute an exhaustive analysis of environmental impacts associated with deepwater oil
terminals in Delaware Bay and New York Harbor. The consultants’ studies were directed toward basic water and
air quality issues involved with the construction and operation of in-harbor terminals. The intent of each of the
consultants’ reports was to diagnose and frame issues correctly for further investigation in a project-oriented en-
vironmental impact statement.

Noticeably absent is a study on dredging and dredge spoil disposal. There are significant environmental issues
related to dredging but scholarly examination of them was beyond the time and financial resources committed to
this study. The dredging reguirements and their environmental impacts vary widely among the potential sites
considered here. The dredging of federally maintained waterways traditionally has been the responsibility of the
U.S. Army Corps of Engineers. Therefore, it was determined that the dredging issue should be left to a specializ-
ed study either by an applicant for such a facility or the appropriate federal agency responsible for dredging per-
mits.

The several consultants who prepared these reports are recognized experts principatly from the region’s
academic community. From years of in situ research, they have acquired specific knowledge of the two water
bodies which are under investigation as sites for the in-harbor terminal. The conclusions of the respective
studies are those of the individuals involved and do not necessarily reflect the views of the State of New Jersey
or The Port Authority of New York and New Jersey.
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Dr. Richard Bartha: Research Professor, Department of Biochemistry and Microbiology,
Rutgers - The State University of New Jersey

Dr. Bartha is a recognized expert in the biodegradation of hydrocarbons in the marine environment. In the past
ten years, he has published more than twenty papers on this subject as a result of extensive studies which he
has conducted in the Raritan Bay/Sandy Hook/New Jersey Shore regions. Funding for these studies came from
governmental and private sources. Dr. Bartha also provides consultative services to major petroleum refiners
with regard to facilities which they operate in the region. Currently, he is a member of a distinguished panel
which is updating and revising a 1976 National Academy of Sciences report on the impact of oil spills in the
marine environment.

Center for Coastal ¢
Environmental Studies: Dr. Norbert P. Psuty, Director, Rutgers
The State University of New Jersey

The Center for Coastal and Environmental Studies, a research and academic resource division of Rutgers - The
State University of New Jersey, has broad experience in the performance of studies of potential environmental
impacts associated with the construction and operation of energy facilities. The Center has published reports on
coastal dune management, dredge spoil disposal siting, ecological research on the Pine Barrens and en-
vironmental effects of Outer Continental Shelf oil and gas exploration, among many other subjects. Some past
clients include the National Park Service and New Jersey’s Department of Environmental Protection and Depart-
ment of Energy. Staff members of the Center for Coastal and Environmental Studies contributed to the multi-
volume report entitled *“The Delaware Estuary System; Environmental Impacts and Socioeconomic Effects of a
Deepwater Qil Terminal.”

Dr. Harold H. Haskin: Chairman, Oyster Culture Department,
New Jersey Agricultural Experiment Station, Rutgers -
Thé State University of New Jersey

Dr. Harold H. Haskin is presently Professor of Zoology, and Chairman of the Department of Oyster Culture at the
N.J. Agricultural Experiment Station, Rutgers -The State University of New Jersey. His work with oysters in
Delaware Bay started during his undergraduate years at Rutgers. After receiving his Ph.D. from Harvard Univer-
sity, in 1941, he served for five years in the United States Army. Before coming to Rutgers University he worked
in the coastal oceanography program at the Woods Hole Oceanographic Institution. He teaches graduate
courses in estuarine ecology, malacology and coastal oceanography. His research interests are in these same
fields and are centered about shellfish of commercial importance, particularly oysters, hard clams and surf
clams. He directs the work at two Rutgers laboratories in the Delaware Bay area - a year-round facility at
Bivalve and a field station in Cape May County.

Dr. Richard I. Hires: Associate Professor, Ocean Engineering
Department, Stevens Institute of Technology

Dr. Hires and his associates, Drs. George L. Mellor and Lie-Yauw Oey, both of Princeton University, are
eminently qualified to perform trajectory projections for New York Harbor. Together they developed and tested a
two-dimensional numerical model of circulation in the New York Harbor region. its output has been checked
against actual trajectories of dye spills in the region of interest with a resultant high degree of accuracy.
Presently, they are engaged in the development of a fully three-dimensional, time dependent numerical model of
this circulaton. This three-dimensional model may prove to be the most advanced numerical model ever applied
to an estuarine region.



Dr. Allahverdi Farmanfarmaian: Professor, Department of Physiology, Rutgers -
The State University of New Jersey

Dr. Farmanfarmaian is widely recognized for his work in the biochemistry and physiology of marine animals. He
has published more than seventy papers, reports, presentations and reviews on the physiology, biochemistry,
nutrition and aquaculture of, as well as environmental hazards to, marine animals. These papers and reports
have included works on the effects of petroleum on aquatic animals, specifically in the Raritan Bay and other
United States Atlantic coastal waters. He has acted as a consultant to the petroleum industry on the effects of
oil transshipment on the marine environment. Currently, he is directing a Naticnal Oceanic and Atmospheric Ad-
ministration research project on the sublethal effects of heavy metals on nutrient absorptions in fish from the
New York Bight.

Enviro Sciences, Inc.: Denville, New Jersey

The staff of Enviro Sciences, Inc. possesses the requisite expertise to perform air qua ity evaluations in New
York Harbor and Delaware Bay. Individually and collectively, members have been invu ed in federal and state
permitting processes for proposed marine petroleum facilities in the Port of 3w York and in the Port of
Philadelphia. Enviro Sciences, Inc. performed the air emissions studies leading to air quality permits for the con-
struction of a refinery in Maine which would have had a marine crude oil receiving facility capable of handling
Very Large Crude Carriers (VLCC’s). The company has a good record of success in obtaining permits for
petroleum facilities.

Dr. Kenneth N. Derucher: Professor, Civil Engineering Department,
Stevens Institute of Technology

Dr. Derucher has earned high regard for his expertise in the area of analysis and design of bridge and pier pro-
tective fendering systems. He has developed a specialized dynamics oriented computer program which is
capable of analyzing and designing bridge and pier protective systems rapidly and at relatively low cost. Among
his previous clients are: the U.S. Coast Guard, Port Everglades, the Ports of New Orleans and San Francisco
and the governments of Australia and Saudi Arabia.
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REPORT

TO THE PORT AUTHORITY OF NEW YORK AND NEW JERSEY

Deepwater Port Study:
Biodegradation of Accidental Petroleum Spills in New York Harbor

and Delaware Bay Now and After Completion of Bulk 0il Receiving Facilities

By
Dr. Richard Bartha
Department of Biochemistry and Microbiology
Rutgers University

New Brunswick, New Jersey 08903



INTRODUCTION

This report compares the biodegradation rates of accidentally
spilled petroleum at locations and in volumes specified by the Port
Authority under the present status (Status A) and after the projected
construction of Bulk 0il Receiving Facilities in New York Harbor and
Delaware Bay (Status B).

My report and calculations are based on an extensive literature
review and on personal research experience in the o0il biodegradation
field. My report takes into consideration factors such as petroleum
types and volumes, temperature, dissolved mineral nutrierts, dissolved
oxygen and populations of degrading bacteria. I believe it represents
an assessment as realistic as possible short of performing 1 extensive
experimental study. The primary aim of the report '~ comparison of two
situations. Since the same set of assumptions is used in the assessment
of Status A and B, the comparison is valid even if the absolute value of
one of the parameters (e.g., the specific biodegradation rate of a
petroleum) needs to be revised on the basis of direct measurements.

STATE OF KNOWLEDGE

The biodegradation of petroleum in the marine and estuarine environ-
ment was the subject of hundreds of scientific articles and reports.
Major recent reviews summarizing this information were published by
Atlas and Bartha (1973a), Crow et al. (1974), Hughes and McKenzie (1975),
Bartha and Atlas (1977), Atlas (1977), Colwell and Walker (1977), Gutnick
and Rosenberg (1977), Jordan and Payne (1980) and Atlas (1981). The
National Academy of Sciences published a comprehensive report on "Petroleum
in the Marine Environment" (NAS, 1975) and in connection with a current
effort to update this report, I contributed a Background Paper '"Fate of
Petroleum in the Marine Environment: Microbial Metabolism" (Bartha, 1981,
in press). This report is based primarily on the conclusions and
generalizations about marine and estuarine petroleum biodegradation
published in the above reviews.

Petroleums are extremely complex mixtures of aliphatic, alicyclic
and aromatic hydrocarbons and of some non-hydrocarbon compounds such
as naphthoic acids, phenols, thiols, heterocyclic nitrogen, sulfur and
oxygen (NSO) compounds, as well as some metalloporphyrins (Atlas and
Bartha, 1973a). The NSO compounds constitute the "resins'; the highly
condensed and insoluble residue constitutes the ill-defined "asphaltene"
fraction of the crude oils. Even when the most advanced techniques,
such as computerized GC-MS analysis, are applied to petroleum (Pancirov,
1974), hundreds of its components remain unresolved and unidentified.
According to their origin, crude oils vary greatly in composition and
biodegradability. No crude o0il is completely biodegradable, even under
the most favorable conditions. The proportion of non-volatile components
removable by biodegradation may vary, according to the nature of the
petroleum, from as little as 11% to as much as 90% (Collwell and Walker,
1977). The "rate" of petroleum removal by biodegradation reflects the
simultaneous or sequential removal of various components at various. rates.
Compared to measuring the biodegradation of a single chemically defined
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Figure 1. Speculative mass balance illustrating the distribution and
conversion of an initial 100 volumes of oil at various times
after spilling. Empty unshaded boxes represent 0il converted
to another chemical form. (Based on a similar diagram by
J. N. Butler, Harvard University). From Mackay (1981).




organic substrate, the monitoring of petroleum biodegradation is a complex,
demanding and relatively inaccurate procedure. It becomes necessary
either to use relatively non-specific monitoring techniques such as
COz~evolution, Oz-consumption, weight loss, etc. or, conversely, to follow
the fate of individual hydrocarbons attempting to extrapolate from these
results to the overall fate of the complex petroleum. Both approaches
have obvious limitations. Nevertheless, all recent reviews agree that

the non-volatile components of most crude oils are removed from the marine
environment predominantly by the biodegradation mechanism. The mass
balance of spilled oil (Mackay, 1981), for a speculative but representative
case, illustrates the importance of biodegradation as one of the prinecipal
self-purification mechanisms of the marine environment (Fig. 1).

PETROLEUMS HANDLED

Under favorable environmental conditions, it is the composition of
a crude oil that determines its biodegradability and the amount of tar
residue. The data most commonly available for characterization of a
petroleum (API gravity, pour point, sulfur content) are not very helpful
for predicting biodegradability. The data sheets made available to me
through the courtesy of Crude Assay Services, Analytical and Information
Division, EXXON R&E, Florham Park, New Jersey, for each of the four major
petroleum types handled in the Port of New York and in Delaware Bay,
provide much more detailed information., Based on these data sheets (see
Appendix), I have calculated and extrapolated the parameters of the four
petroleums that are most critical in terms of their fate in the marine
environment. These are summarized in Table I.

Some petroleums contain volatile bacteriostatic components that,
at low water temperatures,may substantially delay the onset of bio-
degradation (Atlas and Bartha, 1972; Atlas, 1975). Saudi Arabian light
petroleum has no such bacteriostatic components (Atlas, personal
communication). TFor the other three petroleums this information is not
presently available. "

Table I. Critical parameters of the major petroleums handled in New
York Harbor and Delaware Bay

Volatile or Bio- Residual

Petroleum photodegraded (%) degradable (%) tar (%)
Saudi Arabian Light 25 55 20
Saudi Arabian Heavy 20 50 30
Nigerian Bonny Medium 15 55 30

Algerian Zarzatine 30 50 20
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ENVIRONMENTAIL CONDITIONS

Maximum and minimum average water temperatures (August and February,
respectively) were set on basis of our own measurements (Atlas and Bartha,
1973b), supplemented by information from the New York City Division of
Water Resources. Water temperatures in Delaware Bay were assumed to be
similar on basis of geographic proximity and similar water exchange
patterns. Abundance of oil-degrading microorganisms in New York Bay and
Raritan Bay was measured by our research group (Atlas and Bartha, 1973b;
Dibble and Bartha, 1976). Hydrographic conditions at the potential spill
sites were determined from nautical maps.. Existing pollution patterns
including tar and oil deposits were personally observed in New York Harbor
and Delaware Bay on previous sampling and field trips.

GENERAL ASSUMPTIONS

1) All crude oil spills are assumed to be Saudi Arabian Light.
This is the predominant crude in New York Harbor, and a significant one
in Delaware Bay. The best degradation data are available for this crude
from the Amoco Cadiz spill (Amoco Cadiz Proceedings of the International
Symposium, 1981, Ward et al., 1980). The other three oils
(Arabian Heavy, Nigerian Bonny Medium and Algerian Zarzatine), as judged
by their composition, will behave very similarly in terms of spreading,
evaporation and biodegradation. The estimated differences, summarized
in Table I, are within + 10%. Since other factors introduce substantially
larger uncertainties into the calculations, the very small differences
that may occur in the behavior of the four major oil types were inten-
tionally ignored.

2) One ml of a fresh crude spreads over 1 to 10 m? of water surface
(Berridge et al., 1968). Since evaporation rapldly increases the viscosity
of the spreading crude, the lower limit (1 ml/m?) was assumed in my
calculatlons. Biodegradation rates may be calculated from surface slick
area (m ), per water volume (%) for suspended oil, or per sediment surface
area (m?) for beached oil. Initially, biodegradation will be calculated
per m® surface area. The corresponding water volume based on a 1 mm
layer is 1 £ (100 x 100 x 0.1 cm). The biodegradation rates of oil imn.
oxidized sediments are generally higher as compared to rates for floating
or suspended oil.

3) Perhaps the most crucial point of this study is to set the rate
of crude oil biodegradation at a realistic level. Biodegradation rates
are influenced by the nature of the crude oil, and by the prevailing
environmental conditions such as temperature, mineral nutrients, dissolved
oxygen, etc. In addition, the previous o0il pollution history of an
environment is also critical, especially for the early biodegradation
phase of a slick. Based on an extensive literature review (Bartha, 1981,
in press), I set the rate of Saudi Arabian light crude oil blodeoradatlon
at the highest expected water temperature (30°C) at 20 pl/m? sllck/day or
at a corresponding 20 yl/%/day in the water column. In comparable
situations, the literature reports values between 0.5 and 60 ul/%/day. Given
the relatively favorable biodegradation characteristics of Saudi Arabian
light crude oil and the high environmental temperature, the assumed



20 pl/2/day seems to be a realistic figure, slightly on the conservative
side. The 20 pl/f%/day figure is referred to hereafter as the "base rate".

4)  Temperature effects on biological processes are expressed by
Q10 values. These express the acceleration of a process with a 10°C rise
in temperature. For petroleum biodegradation, an average Q,, value of
2.7 was determined between 6 and 26°C (Gibbs et al., 1975; Gibbs and Davis,
1976). This means that petroleum would degrade 2.7-t mes faster at 20°C
than at 10°C. The reverse is true when temperatures drop.

5) It is assumed that the spilled oil will exist as a floating
slick until 10% of the total spill is biodegraded. At or around this
time, the o0il will be emulsified and dispersed in the water colunn. Bio-
degradation of the suspended oil continues in the water col.wn at rates
comparable to the surface slick biodegradation rate: , until the "Bio-
degradable" portion is largely exhausted. In the early (slick) stage,
biodegradation is favored by the availability of the most easily degraded
hydrocarbons (n~alkanes) and by the direct contact with atmospheric
oxygen, but limited by a low microbial population and low surface to
volume ratio. In the later, (dispersed) stage, biodegradation is favored
by a higher microbial population, and a higher surface to volume ratio,
but is limited by the gradual exhaustion of the most easily degradable
hydrocarbons and by the low amounts of dissolved oxygen in seawater.

The shifting advantages and disadvantages largely compensate for each
other and bring about a more or less steady rate of biodegradation. Imn
narrow waterways subject to tidal fluctuations, a large portion of the

0oil is likely to "beach" during the floating slick stage. The beached

0il will continue to biodegrade on aerobic sediment surfaces and at rates
that are higher than in the water. Higher microbial numbers and greater
availability of mineral nutrients cause the elevated biodegradation rates
in aerobic sediments. Dispersed oil loses its tendency to beach in
significant amounts.

UNITS

The specific weights of petroleums vary and tend to increase during
biodegradation. Therefore, petroleum is always quantified in terms of
volume.

1 gal = 3.785 %= 3,785 ml = 3,785,000 ul
Petroleum concentration is expressed per surface area.

m2

1.196 sq. yards
ha = 10,000 m® = 2.47 acres

km? = 100 ha = 10° m? = 0.386 sq. miles.

#9 is used as symbol for liter in order to avoid confusion with the
number 1.
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CALCULATIONS

New York Harbor, Refinery Piers, Arthur Kill, Saudi Arabian light crude,
336 gallon spills. Applies to Status A and B.

Covered water surface: 336 gal (3,785 ml x 336) = 1,271,760 ml; will cover

at 1 ml/m? 1,271,760 m® = 127.2 ha

Biodegradation at summer temperature, 30°C
Base rate: 20 ul/m*/day at 30°C

Slick disappears: (100:20) in 5 days

Biodegradation complete: (550:20) in 27.5 days

Biodegradation at winter temperature, 3°C

Base rate: 20 ul/m“/day at 30°C
Rate at 3°C: (30-3 = 27 x 0.27 = 7.29;
20:7.29) = 2.75 pl/m?/day

'Slick disappears: (100:2.75) in 36 days*

Biodegradation complete: in v 100 days*#

Expected tar residue: 67.2 gal (254.2 %) per spill
Status A (5x) 336 gal/year Status B (2x) 134.4 gal/year

%
During the long slick stage, most of the oil is expected to beach in the
narrow waterway.

%%
Because of the warming weather trend, biodegradation will accelerate with time.
Biodegradation at a steady 3°C is calculated to be (550:2.75) 200 days.



New York Harbor, Stapleton Anchorage, Saudi Arabian light crude, 42 gallon

spills. Applies to Status A and B.

Covered water surface: 42 gal (3,785 ml x 42 = 158,970 ml) will cover at

1 ml/m? 158,970 m2 = 15.9 ha

Biodegradation at summer temperature, 26°C

Base rate: 20 pl/m¢/day at 30°C ‘

Rate at 26°C: (30-26 = 4 x 0.27 = 1.08;
20:1.08) = 18.5 ul/m2/day

Slick disappears: (100:18.5) in 5.4 days

Biodegradation complete: (550:18.5) in 29.7 days

Biodegradation at winter temperature, 5°C

Base rate:20 ul/m*/day at 30°C

Rate at 5°C: (30-5 = 25 x 0.27 = 6.75;
20:6.75) = 2.96 ul/m?/day

Slick disappears: (100:2.96) in 33.8 daysx

*%
Biodegradation complete: in ~100 days

Expected tar residue: 8.4 gal (31.8 &) per spill

Status A (4x) 33.6 gal/year Status B (2x) 16.8 gal/year

Flushing by currents and beaching will remove visible slick before

biodegradation could do so.

*k

Because of the warming weather trend, biodegradation will accelerate with time.
Biodegradation at a steady 5°C is calculated to be (550:2.96) 186 days.
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New York Harbor, Stapleton or Port Jersey Bulk Facility, Saudi Arabian light
crude, 504 gallon spill. Applies to Status B.

Covered water surface: 504 gal (3,785 x 504 = 1,907,640 ml) will cover at 1
ml/m% 1,907,640 m* = 1.9 ha

Biodegradation at summer temperature, 26°C

Base rate: 20 ul/m%/day at 30°C

Rate at 26°C: (30-26 = 4 x 0.27 = 1.08;
20:1.08) = 18.5 pl/m®/day

Slick disappears: (100:18.5) in 5.4 days

Biodegradation complete: (550:18.5) in 29,7 days

Biodegradation at winter temperature, 5°C:

Base rate:20 ul/m?/day at 30°C
Rate at 5°C: (30-5 = 25 x 0.27 = 6.75;
20:6.75) = 2.96 pl/m2/day

*
Slick disappears: (100:2.96) in 33.8 days

sk
Biodegradation complete: in 4100 days

Expected tar residue: 100.8 gal (381.0 £) per spill (1X) 100.8 gal per year

Flushing by currents and beaching will remove visible slick before
biodegradation could do so.

*

Biodegradation at a steady 5°C is calculated to be(550:2.96) 186 days.

* . . .
Because of the warming weather trend, biodegradation will accelerate with time.
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New York Harbor, Bergen Point, catastrophic underway spill, Saudi Arabian
light crude, 1,680,000 gallons. Applies to Status A.

Covered water surface: (1,680,000 x 3,785) 6,358,800,000 ml, will cover
at 1 ml/m* 6,358,800,000 m® = 635,880 ha = 6,359 km?

The physical confines of the waterway will not allow the slick
to spread out to the 1 ml/m® distribution. The slick will form a
bank-to-bank slug, too thick for effective biodegradation activity.

Biodegradation at summer temperatures, 26°C:

Dissolved oxygen in the shallow waters of Newark Bay, Arthur Kill
and Kill Van Kull will be rapidly exhausted. The biodegradz+ion of 1
gallon of o0il would exhaust dissolved oxygen in about 400,00, gallons of
Newark Bay water. The thickness of the surface slick and the anoxic
conditions in the water column will render biodegradation essentially
insignificant as an oil removal mechanism until well over 90% of the oil
is beached and/or flushed out from the shallow water area. I have no
way to calculate in this case the actual biodegradation rates. Slick
removal will occur primarily by non-biodegradative mechanisms (evaporation,
photodegradation, beaching and incorporation into bottom sediments).
The biodegradation of the o0il associated with oxygenated sediments and
water will be near complete at the end of the summer season of the year
following the spill (v 14 months). Localized oil accumulations (mousse
and clumps) may persist considerably longer.

Biodegradation at winter temperatures, 5°C:

Biodegradation will be a negligible removal mechanism during the
first 2-3 months following the spill. Anoxic conditions in the water
column will develop in late March - early April, as water temperatures
start to rise. Non-biodegradation mechanisms of oil removal will
predominate until more than 90% of the oil is beached and/or flushed
to deeper waters. Biodegradation of the oil in oxygenated sediments
and water will be near completion by mid-summer of the year following
the spill (v 18 months). Localized oil accumulations (mousse and clumps)
may persist considerably longer.

Expected tar residue: 336,000 gallons (1,270,080 %)
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New York Harbor, Ambrose Channel Dogleg, catastrophic underway spill,
Saudi Arabian light crude, 2,814,000 gallons. Applies to Status B.

Covered water surface: (2,814,000 x 3,785) 10,650,990,000 ml, will cover
at 1 ml/m” 10,650,990,000 m® = 1,065,099 ha = 10,650 km?

Confinement of the o0il slick by land is much less severe than in
case of Status A. Completely anoxic conditions in the water column are
less likely to develop. If the wind direction allows the seaward
movement of the slick, biodegradation will substantially contribute to
0il removal, but the actual biodegradation rate is very difficult to
predict for the following reason:

The small spills (up to a few hundred gallons) were assumed to
spread out ideally, forming an even, thin layer of 1 ml/m®. With the
low pour point oil in question this seems to be a valid assumption.

The spreading process of a few hundred gallons of crude is complete
within a few hours, a time period too short to cause drastic viscosity
changes by evaporation. This is not the case if the spill size is
increased to the million gallon range. The spreading process will take
days, and during this period evaporation will drastically change viscosity
properties. As a result, the oil will cover a much smaller than the
ideally calculated area (over 10,000 kmz) but in much thicker layer.
The reduced surface area of the oil slows the biodegradation process.

I assume that the slowing effect is approximately five-fold. Unfortu-
nately, the literature is of little help in this respect, and the above
figure is little more than a guess.

Biodegradation at summer temperatures, 26°C:
Base rate: 20 pl/m®/day at 30°C
Rate at 26°C:(30-26 = 4 x 0.27 = 1.08; 20:1.08) = 18.5 ul/mZ/day

Slick disappears: (100:18.5 = 5.4 x 5) in 27 days

11

Biodegradation complete in approximately 1 year. Localized oil accumulations

(mousse and clumps) may persist considerably longer.

Biodegradation at winter temperature, 5°C:

Biodegradation will be a negligible removal mechanism during the
first 2-3 months following the spill. By the time the rising water
temperature allows substantial biodegradation, the oil will be distributed
to an extent that anoxic conditions are unlikely to develop. The slick
will disappear by mechanisms other than biodegradation. Biodegradation
of o0il in oxygenated sediments and water should be near completion in one
year. Localized oil accumulations (mousse and clumps) may persist
considerably longer.

Expected tar residue: 562,800 gallons (2,127,384 %)




Delaware Bay Refinery Piers, Saudi Arabian light crude, 630 gallon spills.

Applies to Status A and B.

Covered water surface: (630 x 3785) 2,384,550 ml will cover at 1 ml/m?
2,384,550 m?2 = 238 ha = 2.4 km?

Biodegradation at summer temperatures, 26°C

Baserate: 20 ul/m%/day at 30°C

Rate at 26°C :(30-26 = 4 x 0.27 = 1.08;
20:1.08) = 18.5 ul/m?/day

Slick disappears: (100:18.5) in 5.4 days

Biodegradation complete: (550:18.5) in 29.7 days

Biodegradation at winter temperature, 5°C

Base rate :20 ul/m%/day at 30°C

Rate at 5°C:(30-5 = 25 x 0.27 = 6.75;
20:6.75) = 2.96 pl/m2/day

Slick disappears: (100:6.75) in 33.8 days*

Biodegradation complete: in v 100 days®*

Expected tar residue: 126 gal (476.3 %) per spill
Status A (9x) 1,134 gal/year Status B (5x) 630 gal/year

Flushing by currents and beaching will remove the visible slick before
biodegradation could do so.

%%
Because of the warming weather trend, biodegradation will accelerate with time.

Biodegradation at a steady 5°C is calculated to be (550:2.96) 186 days.
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Delaware Bay, Anchorage, Saudi Arabian light crude, 84 gallon spill. Applies
to Status A and B.

Covered water surface: (84 x 3,785) 317,940 ml will cover at 1 ml/m2
317,940 m? = 31.8 ha

Biodegradation at summer temperatures, 26°C

Base rate :20 pul/m?/day at 30°C

Rate at 26°C :(30-26 = 4 x 0.27 = 1.08;
20:1.08) = 18.5 ul/m?/day

Slick disappears: (100:18.5) in 5.4 days

Biodegradation complete: (550:18.5) in 29.7 days

Biodegradation at winter temperature, 5°C

Base rate:20 ul/m¢/day at 30°C

Rate at 5°C:(30-5 = 25 x 0.27 = 6.75;
20:6.75) = 2.96 ul/m?/day

Slick disappears: (100:2.96) in 33.8 days®

Biodegradation complete: in v 100 days#*

Expected tar residue: 16.8 gal (63.6 ¢) per spill

Status A (6x) 100.8 gal/year Status B(2X) 33.6 gal/year

Flushing by currents and beaching will remove visible slick before
biodegradation could do so.

Because of the warming weather trend, biodegradation will accelerate with time.
Biodegradation at a steady 5°C is calculated to be (550:2.96) 186 days.
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Delaware Bay, Bulk Facility, Saudi Arabian light crude, 945 gallon spill. Applies
to Status B.

Covered water surface: (945 x 3,785) 3,576,725 ml, covers at 1 ml/m2
3,576,825 m? = 357 ha = 3.57 km?

Biodegradation at summer temperature, 26°C

Base rate: 20 uyl/m%/day at 30°C

Rate at 26°C:(30-26 = 4 x 0.27 = 1.08; |
20:1.08)= 18.5 ul/m?/day |

Slick disappears: (100:18.5) in 5.4 days

Biodegradation complete: (550:18.5) in 29.7 days

Biodegradation at winter temperature, 5°C ‘
Base rate:20 pl/m%/day at 30°C
Rate at 5°C:(30-5 = 25 x 0.27 = 6.75;

20:6.75 = 2.96 ul/m?/day

*
Slick disappears: (100:2.96) in 33.8 days

%
Biodegradation complete:in ~100 days

Expected tar residue: 189 gallon (714.5 £) per spill (4X) = 756 gal/year

Flushing by currents and beaching will remove visible slick before biodegradation
could do so.

*k . . . ‘
Because of the warming weather trend, biodegradation will accelerate with time.

Biodegradation at a steady 5°C is calculated to be (550:2.96) 186 days.
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Delaware Bay, Marcus Hook, catastrophic underway spill, Saudi Arabian

light crude, 2,016,000 gallons. Applies to Status A.

Covered water surface: (2,016,000 x 3,785) 7,630,560,000 ml, covers at

1 ml/m®> 7,630,560,000 m®* = 763,056 ha = 7,630 km?

The physical confines of the waterway will not allow the slick to
spread out to the 1 ml/m? distribution. The slick will form a bank-
to-bank slug, too thick for effective biodegradation activity.

Biodegradation at summer temperature, 26°C:

Anoxic conditions are likely to develop in sections of the Bay and
the River. In the narrow waterway, large amounts of oil will be
deposited on shore. Biodegradation will not be a significant removal
mechanism until 80-90% of the oil is removed from the spill area by
flushing towards the open sea or by beaching. 0il biodegradation is
expected to be near completion at the end of the summer of the year

following the spill (v 14 months). Localized oil accumulations
(mousse and clumps) will persist considerably longer.

Biodegradation at winter temperature, 5°C:

Biodegradation will be a negligible removal mechanism during the
2-3 months following the spill. Non-biological removal mechanisms
(evaporation, beaching and tidal flushing) will remove much of the
0il prior to the increase of water temperatures, and thus a winter
spill is less likely to result in anoxic conditions in the water
column. Biodegradation will be near completion at 18 months after the
spill. Localized oil accumulations are likely to persist longer.

Expected tar residue: 403,200 gallons (1,524,096 %)
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Delawére Bay, point between the Capes, catastrophic underway spill,
Saudi Arabian light crude, 2,814, 000 gallons. Applies to Status B.

Covered water surface: (2,814,000 x 3,785) 10,650,990.000 ml, will cover at
1 ml/m? 10,650,990.000 m? = 1,065,099 ha, = 10,650 km?

Confinement of the spill here is less severe_ than in the Marcus Hook
area. If the wind direction allows the seaward movement of the slick,
biodegradation will contribute substantially to its eventual removal.

For reasons discussed earlier (see similar spill in New York Harbor) slick
thickness will be greater and biodegradation about five times slower than
with smaller spills.

Biodegradation at summer temperatures, 26°C

Base rate: 20 ml/m%/day at 30°C

Rate at 26°C: (30-26 = 4 x 0.27 = 1.08;
20:1.08) = 18.5 ul/m2/day

Slick disappears: (100:18.5 = 5.4 x 5) in 27 days

Biodegradation complete in approximately 1 vear. Local accumulations of oil
may persist longer.

Biodegradation at winter temperature, 5°C

In the first 2-3 months after the spill,biodegradation will make little
contribution to oil removal. With warming temperatures biodegradation will
increase, but because of the greater oil thickness, its rate is expected to
be about five times slower than for a small spill under comparable
conditions. Biodegradation should be near completion at the end of the summer
of the year following the spill (14 months). Local accumulations (beached
mousse and clumps)may persist considerably longer.

Expected tar residue: 562,800 gallons (2.127,384 2)
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INTERPRETATION

General. Uncontrolled petroleum spills are generally more destructive
in confined waters. Limited surface area and water volume lead to high
local petroleum concentrations, oxygen depletion in the water column,
extensive shore contamination and slow biodegradation. Conversely, the
rapid dispersion of spilled petroleum from less confined waters tends
to lower local concentrations, prevents depletion of dissolved oxygen
and promotes biodegradation. O0il carried out to sea by wind and
currents generally causes less ecological and economic damage than
oil driven ashore or incorporated into shallow water sediments. From
this point of view, it seems desirable to shift the location of potential
spill incidents away from confined waters.

The above general statement, however, needs to be balanced in each
case by the ecological and economic value of the areas that are likely
to be impacted. An additional consideration is the effectiveness of
spill containment and clean-up measures. In sheltered (confined) waters,
spill containment measures by floating booms are quite effective,
allowing the mechanical recovery of a large portion of the spilled
petroleum. Containment of a spill is generally much more difficult in
open waters, where wave and current action often renders floating barriers
ineffective. As a result, in open waters, recovery can seldom mitigate
the effects of petroleum spills, and slow natural processes need to be
relied upon to effect eventual clean-up.

The specific spill areas in this report are considered primarily
in terms of the biodegradation process and ease of spill containment.
Other experts are addressing the distribution of a spill and its
ecological and economic impacts.

New York Harbor, Arthur Kill ~ Kill Van Kull area. The Arthur Kill
is a very confined waterway. Slow water movement results in summer
(30°C) and winter (3°C) temperatures that are more extreme than at the
other locations. A sizable spill will easily exhaust the scarce dissolved
oxygen of the confined waters and much of the petroleum will be driven
ashore. On the other hand, spill containment by floating barriers is
relatively easy and effective. It is routinely used at refinery piers.
The Kill Van Kull, though narrow, has fairly strong currents (up to
2.5 knots). Depending on the tidal cycle, a catastrophic underway spill
may be flushed either into Newark Bay or through the Kill into the Upper
and Lower Bays. The impact of such a spill would be severe. It would
probably exceed preparedness for containment and clean-up. Self-purification
would be exceedingly slow,

A transition from Status A to Status B will result in reduced
number of spills around refinery piers and will lessen the chance of
a catastrophic underway spill in the Kills. Mainly because of the
latter, I consider Status B as an improvement from the environmental
point of view.



Stapleton and Port Jersey region. These waters are more open, have
better oxygenation and are subject to strong currents. Transition from
Status A to Status B will reduce spills during barge transfer but will
create the possibility of spills at the Bulk 0il Receiving Facility.
From the environmental point of view, the overall change in this area
is insignificant.

Ambrose Chamnel. A catastrophic underway spill in this area (Status
B) would have less severe local effect as compared to a similar spill
in the Kill Van Kull (Status A); but the slick will be widely distributed
and it may affect ecologically and economically valuable areas.
Whether or not this will be the case, depends strongly on che ebb-tide
cycle and wind direction. Under favorable circumstances, ."e slick may
be carried out to sea and cause little damage. Und-r less fortunate
circumstances, large portions of the New York Harbor waterfront and/or
the recreational New Jersey or Long Island shores may be affected. For
self-purification by biodegradation, the Ambrose Channel location is
more favorable than the Kill Van Kull. For containment and clean-up
measures, both locations present problems.

18

Delaware Bay - Delaware River area. The changeover from the present

Status A to Status B will reduce petroleum spills in the confined waters
of the Delaware River at the various Refinery Piers and at the Anchorage
site, but will increase them at the Bulk 0il Receiving Facility. Sizable
spills in the confined waters of the Delaware River are likely to
oscillate with ebb-tide cycles for a prolonged time period and would
extensively contaminate shipping and port facilities. Anoxic water
conditions may interfere with biodegradation. However, containment and
clean-up of spills is relatively easy at the Refinery Piers.

Spills at the Bulk 0il Receiving Facility, located at the lower
reaches of the Bay, may be carried out to sea or upriver, depending on
the prevailing wind and tide. Economic damage from spills at this site
is likely to be less as compared to a similar upriver spill. Bio-
degradation conditions are more favorable but containment and clean-up
of a spill are more difficult at the Bulk 0il Receiving Facility.

A clear benefit of Status B as compared to Status A is the location
of a catastrophic underway spill. Currently, such an event is likely
to occur in the Delaware River, with highly destructive effects. During
Status B, such an event would occur outside of the Bay or at its mouth.
Depending on the tidal cycle, the spill may be carried out to sea or may
move, at least in part, into the Bay. As compared to the certainty of
heavy damage under Status A, Status B offers better biodegradation
conditions and the prospect of more moderate economic damage.

L



CONCLUSION

0il spills are destructive in any aquatic environment. When one
compares their present locations (Status A) with projected sites under
Status B, the tradeoffs in terms of affected areas, expected rates of
biodegradation and the feasibility of pollution abatement measures are
complex., After weighing these factors, it is my considered judgement
that the projected facilities to be constructed under Status B in New
York Harbor and in Delaware Bay will not worsen the present situation
in terms of oil pollution. In respect of catastrophic underway spills,
the existing situation will markedly improve.

19
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EE;ﬁ{F}F@ Crude Name: ARABIAN LIGHT Location: SAUDI ARABIA Assay Date: 11/76
68/158 158/302 302/401 401/700 700+ 1049+
Crude (OF) -~ (OF) - (OF) (oF) - (OF) (OF)
Gravity OCAPI 33.4 85.5 62.3 49.7 36.6 16.1 6.9
SpGr .858 .652 +730 .781 .842 .959 1.022
Sulfur, Wt% 1.79 .024 .026 .062 1.043 3.197 4.34
Mercaptan Sulfur, ppm 70 173 108 44 64
Salt, PTB 3
Reid Vapor Pres., psi 3.6
Kin Vis @ -30°F 3.93
@ 609F 12,29 :
@ 100°F 6.25 .97 3.27 779
@ 210°F .54 1.27 34.5 1583
Ethane, Vol%
Propane, VolZ .280
Isobutane, Vol% .270
N-butane, VolZ 1.266
Isopentane, VolZ .870
N~-pentane, VolZ 1.651
Yield, WtZ 3.87 10.54 9.88 29.54 44.94 17.72
VolZ 5.08 12.32 10.80 29.96 40.00 14 .80
RON, Clear 63.0
"RON 1.5 cc TEL 76.5
g 0
Paraffins, VolZ 94,1 71.0 58.9 SD'ZOA’
Naphthenes, Vol% 4.7 18.9 20.2 /3.1%
Aromatics, VolZ 1.2 10.1 20.9 &§.7%
Smoke Pt., mm 24.0
Lum. No. 53.6
Freeze Pt., OF -90
Cloud Pt., °F -94 16
Pour Pt., OF -30 -100 10 40 115
Diesel Index ~ 66 58
Refractive Index @ 67°C 1.417 1.452
Concarbon, Wt% 8.46 20.3
Vanadium, ppm 45.9 115.9
Nickel, ppm 9.9 25.0
Ircn, ppm 45 .4 114.0
Neut. No., mg/gm .14 .06 .28
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Crude Name: ARABIAN HEAVY Location: SAUDI ARABIA Assay Date:
68/158 158/302 302/401 401/700 700+ 1049+
Crude (OF) (°F) (°F) (9F) (°F) (OF)
Gravity 9API 27.9 86.5 63.9 50.2 36.0 11.4 3.0
SpGr .388 649 o724 .779 .845 .990 1.052
Sulfur, Wt% 2.85 .006 .013 .099 1.401 4.49 6.0
Mercaptan Sulfur, ppm 10 10 9 5
Salt, PTB 5
Reid Vapor Pres., psi 7.5 12.3
Kin Vis @ -30°F 3.77
@ 60°F 48,09
@ 100°F 18.99 .97 3.36 9918
@ 210°F «54 1.30 156.9 55268
Ethane, VolZ .080
Propane, Vol’ .788
Isobutane, VolZ .375
N-butane, VolZ 1.390
Isopentane, VolZ .817
N-pentane, VolZ% 1.419
Yield, WtZ 3.40 8.16 7.05 24,30 55.41 27.65
Vol% 4.63 9.94 7.98 25.39 49.41 23.19
RON, Clear 67.0
RON 1.5 cc TEL 81.5
Paraffins, VolZ 94,1 74.1 59.6
Naphthenes, VolZ% 5.3 18.7 21.6
Aromatics, VolZ .6 7.2 18.8
Smoke Pt., mm 26.9
Lum. No. 59.9
Freeze Pt., OF -86
Cloud Pt., OF -90 18
Pour Pt., OF -20 -95 10 70 135
Diesel Index 68 56
Refractive Index @ 67°C 1.416 1.453
Concarbon, Wt% 14.4 27.7
Vanadium, ppm 102 205
Nickel, ppm 32 64
Iron, ppm 15.2 30
Neut. No., mg/gm .15 64
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EXON Crude Name: Nigerian Medium-Bonny Location: Nigeria Assay Date: 4/7

68/158 158/302 302/401 401/700 700+ 1049+
Crude (°F) - (°F) (°F) (°F) < (°F) (°F)
Gravity °API 25.5 78.8 52.8 40.6 28.2 - 15.6 6.5
, SpGr .8018 .6730 .7677 .8222 .8862 .98622 1.0246
Sulfur, Wt% .210 .002 .004 .031 .132 .356 .651
Mercaptan Sulfur, ppm 9 6 5 4 4
Salt, PTB 1
Reid Vapor Pres., psi 3.1 9.4
Kin Vis @ -30°F 4,84 100.5
@ 60°F 30.0 '
@ 100°F 12.0 1.12 4,10 1432
@ 210°F .62 1.49 33.6 7769
Ethane, Vol% .10
Propane, Vol% .23
Isobutane, Vol% .13
N-butane, Volx .29
Isopentane, Vol% .29
N-pentane, Vol% .28
“Yield, Wt% .89 4.84 6.10 44,52 43,20 8.98
Voi% 1.19 5.68 6.68 45,25 40.43 7.90
RON, Clear ' 78.1 '
RON 1.5 cc TEL
i d bbbt bedeshaindededetadedadabednhetubeloainieiniede b i fbbi b oSttt bbb bbbt abdadnt kbt bededid bttt (>
Paraffins, Vol% 78.9 24,9 17.6 a : 41.5%
Naphthenes, Vol% 18.2 62.9 65.8 | 49.3%
Aromatics, Vol% 2.9 12.2 16.6 ' 732
........................................................................................................... ‘ |
* Smoke Pt., mm 24,7 19.8 10,8
Lum. No. 53.5 43,5 21.1
Freeze Pt., °F -126 -105 - 2 |
Cloud Pt., °F ' -136 -115 -8
Pour Pt., °F -35 -141 -120 -13 71 120
Diesel Index 47 37
Refractive Index @ 67°C 1.432 1.473
Concarbon, Wt% 4,27 18.0
Vanadium, ppm 3.8 18.0
Nickel, ppm 13,7 - 63.9
Iron, ppm , 34.0 159.7
Neut. No., mg/gm .69 : .13 .45 66
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ey nt Crude Name: Zarzaitine Location: Algeria Assay Date: 2/68
;:u%‘,-\faﬂ‘\i _
68/158 158/302 302/401 401/700 700+ 1049+
Crude (°F) (°F) (°F) (°F) (°F) (°F)
Gravity °API 41.8 82.8 60.1 49.8 38.6 24.9 18.0
SpGr .8169 .6603 .7384 .7804 .8319. .9045 . 9465
Sulfur, Wt% .070 .002 .004 .007 .030 .169 .270
Mercaptan Sulfur, ppm 4 YA 4 7
Salt, PTB 9
Reid Vapor Pres., psi 6.7 11.3
Kin Vis @ -30°F 3.99 82.6
@ 60°F 5.74
@ 100°F 3.34 1.02 3.52 209
@ 210°F .57 - 1.32 15.8 163
Ethane, Vol% N
Propane, Vol% .96
Isabutane, Vol% .48
N-butane, Vol% 1.51
Isopentane, Vol% 1.13 ‘
N-pentane, Vol% 1.60
Yield, Wt% 5.87 14.39 11.05 32,91 33.70 10.49
Vol% 7.22 15.83 11.49 32.14 30.26 9.00
RON, Clear 68.00
RON 1.5 cc TEL 83.20
——--————-——--—----—- --------------------------------------------------------------------------------------- Aor
Paraffins, Vol% . 87.5 55,4 51.4 £7.9%
Naphthenes, Vol% 11.0 37.3 33.3 25.9%
Aromatics, Vol% 1.5 7.3 15.3 17.7 ' L. 7 s
Smoke Pt., mm , 36.9 27.1 19.2
Lum. No. 82.3 61.4 43.0
Freeze Pt., °F ‘ -87 23
Cloud Pt., °F ' =91 19
Pour Pt., °F 5 -97 14 90 65
Diesel Index 69 65
Refractive Index @ 67°C 1.415 1.444 A
Concarbon, Wt% 2.67 7.90
Vanadium, ppm ‘ :
Nickel, ppm g:g ’ 1g:8
Iron, ppm ' 10.8 34.0

Neut. No.. ma/am 210 ) “Na 1A a4
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EXECUTIVE SUMMARY

The Delaware Bay has been proposed as a possible site for the development
of a bulk crude oil transfer facility. Such a facility is suggested as an
alternative to a conventional deepwater port on the Atlantic cocast of New Jersey.
Existing port conditions are inadequate to accommodate modern tankers which
require loaded drafts up to 90 feet without extensive dredging.

This study was designed to investigate the impacts from such a facility
and its support structures (e.g., pipeline, pump stations, and tank farms) on
the biological communities in the Delaware Bay estuary. An ecological charac-
terization (Section I - Part A) has shown that the estuary is important to
wildlife and man. Salt marshes, sand beaches/dunes, jetty/grcin communities,
and benthic and aquatic environments support a wide variety or» life. They
provide habitat, shelter, and food for wildlife. Many >ommunities serve as
migration areas, as well as breeding and nursery grounds.

Physically, the study area is composed of two geologic provinces and
three morphologic zones (Section I - Part B). These areas are generally
suitable for the development of crude oil pipelines, although active erosion
along the Bay's coast will probably require burial to a depth greater than
the normal industrial practice of three to ten feet as in the Gulf of Mexico.
Deeper burial is required to ensure against the pipelines exposure during
the operating lifetime. Selected burial depths will need to be determined
on a site specific basis.

0il spills represent a major threat to the Delaware Bay estuary. Sec-
tion II of this study describes the physical and chemical parameters of oil
spills and various scenarios to predict areas of high risk from the spills.
Risk areas vary depending on current, longshore drift, season, wind direction,
the size of the spill, and the type of 0il spilled, among other variables.
A spill of over two million gallons of crude oil would have devastating
effects. Long term effects from chronic spills can be expected, although
the exact nature of these effects is unknown.

Section III addresses impacts encountered with the construction of a
pipeline. Impacts of a logistical nature will be encountered along the onshore
segment of the pipeline which is proposed to extend from Big Stone Beach,
Delaware to Marcus Hook, Pennsylvania. Also many environmentally sensitive
areas are located along this route. Therefore, alternative routing alignments
are suggested.

viii
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INTRODUCTION

The Delaware Bay is an intensively used area on the east coast of the
United States. Recreation, fishing, and shipping are major economic activities
which rely on direct use of the Bay. Petroleum refineries and other industries
in the upper part of the estuary depend heavily on the access provided by the
Bay and its navigation channel.

The importance of the Bay for the delivery and refining of petroleum
products cannot be understated. Presently, more than one million barrels of
oil a day are processed in the eight refineries in the region. Tankers of up
to 135,000 DWT (deadweight ton) capacity bring the oil into the Bay. However,
because the draft they require exceeds the depths of the main channel, the
tankers must reduce their draft by pumping out part of their crude oil into
barges, a process known as lightering. This results in a draft which is
sufficient to allow them to proceed up the channel to the refineries.

This system, while currently economical because of the relatively low
fixed costs, has several disadvantages associated with it. First, if the num~
ber of transfer operations increase, the probability of the occurrence of an
oil spill increases (Gaither, 198l). The risk of o0il spills is especially
threatening to the fishing and recreation industries, as well as to the environ-
mental integrity of the Bay. Second, a continued demand for oil would increase
traffic in.the already congested Bag.

An alternative oil transfer system has been proposed for the Delaware Bay,
consisting of two single point mooring systems north of Big Stone Anchorage,
and a pipeline to carry crude to the refineries. A system of this design will
allow larger tankers to completely offload their cargo at one point, thereby
reducing traffic in the Bay and the River, and reducing the potential for human
error. Extensive deepening of the Bay for very large carriers would not
be necessary.

The Delaware Bay consists of several biological communities, e.g., marshes,
beaches, and benthic communities. These areas support wildlife bv providing
food and shelter. The Bay is also important for the fishing and shellfishing
industries. Because the Bay is important to both wildlife and man, any activity
which could disrupt or alter this estuarine system must be analyzed.

This report examines the impacts of a bulk crude oil transfer facility on
the biological communities of the Delaware Bay estuary. O0il spill scenarios are
used to indicated possible problem areas and to identify areas which are poten-
tially at risk. Chronic low level spills and episodic, large spills are con-
sidered. The proposed onshore pipeline is reviewed to identify the issues which
may be encountered. Alternative routing alignments are presented which demon-
strate the trade-offs available to pipeline planners to mitigate conflicts
which may arise.



SECTION I

ENVIRONMENTAL CHARACTERIZATION

Introduction

This section describes the biological and physical characteristics of
the Delaware Bay estuary. Biologically, this area is composed of several
different ecological communities: sand beach/dune, jetty/groin, marshes, and
benthic and aquatic environments. These areas attract and support a wide
variety of life by providing habitat, shelter, and food. The estuary also
serves as a migration stop-over area, as well as breeding and nursery grounds.
Physically, the study area consists of two geologic provinces and three morpho-
logic zones. Climate is mainly maritime influenced.

Part A. Biological Review

Sand Beach/Dune Communities

There are several sand beaches which front and/or interrupt marsh forma-
tions along both shores of the Bay (Figure 1). Delaware has a concentration
of beaches along the southern shoreline from Pickering Beach to Cape Henlopen
(U.S.A.C.E., 1968). The beaches and dunes become smaller proceeding up the
coast until just south of Port Mahon, where marsh formation extends directly
into the water. The beaches are about 3 - 15.2 m wide (at high tide) and are
backed by dunes which are approximately 2.5 - 3.5 m high and 15 -~ 100 m wide
(Drew, 1981). On the New Jersey Bay shore, there is a narrow stip of sandy
beach from approximately Fortescue to Cape May. In the vicinity of Port
Norris, the beach is discontinuous and marsh formation extends into the Bay
(Walton and Patrick, eds., 1973).

There is very limited residential, commercial, or industrial development
in the southern Bay area. In New Jersey, there are scattered residential
developments in Cape May. In Delaware, there are several small coastal com-
munities developed with small trailers, cottages, and houses along the south-
ern Bay area. Most use occurs in the summer but Bower's Beach has a well
established fishing community of 286 permanent residents, as of 1977 (Drew,
1981). Big Stone Beach, the landfall location of the proposed pipelines, has
a developed section which extends about 0.8 km along the shore with 60 houses.
Most of these dwellings are occupied only in the summer months (Drew, 1981).

The beaches are not vegetated due to the lack of stable substrate needed for

plants to grow. However, in the intertidal areas of calm embayments green
algaes such as Ulva lactuca and Enteromorpha spp. can be found: (Maurer, 1974).
The dunes are mainly stabilized with marram grass, Ammophila breviligulata,
and woody plants, Baccharis halimifolia and Iva frutescens (Drew, 198l). Some
dunes are alsoc stabilized with reed grass, Phragmities communis. Maurer
(1974) has recorded a sequential pattern of dune vegetation at Cape Henlopen:
marram drass with a scattering of sea rocket (Cakile edentula) in the pri-
mary dune; the transition zone occupied by panic grass (Panicum virgatum),
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some marram grass, and seaside goldenrod (Solidago sempervirens):; and the hol-
low, the area between the primary and secondary dunes, has beach heather
(Hudsonia tomentosa) and seabeach orach (Atriplex arenaria).

The dunes harbor small mammals, rodents, insects, and a wide variety of
birds, the most representative of which are the terns and sandpipers. Bird
nesting sites occur between the primary and secondary dunes.

The beaches are inhabited by a wide range of fauna. However, most are
not visible to the human eye. The bayside beaches also have more life forms
than those on the oceanside because of the protected nature of the area
{(Maurer, 1974). The most visible beach life consists of the shorebirds which
poke their bills in the wet sand searching for food and the horeshore crab,
Limulus polyohemus, which visits one month out of the year to lay eggs. Along
the drift line, beach hoppers and some marine insects are present.

Species within the sand and the infauna that live between the sand grains
(interstitial species) account for most of the life forms along the beach.
The large infauna include mole crabs (Emerita talpoida), numerous polychaete
worms, nemerteans, acorn worms (Saccoglossus kowalewskii), and bivalves, such
as Mercenaria mercenaria, Ensis directus, Tellina agilis, and Mulinia lateralis
(Maurer, 1974). These infauna are specialized, having great burrowing capa-
bility or chemical secretions to build permanent burrows within the sand
(Riedl and McMahan, 1974). The interstitial species have by far the greatest
diversity and density within the beach system. It has been found that repre-
sentatives of nearly all the main groups of invertebrates have adapted to
this environment (Riedl and McMahan, 1974). The dominant biota include dia-
toms, cilliates, tardigrades, turbellarians, gastrotrich, gnathostomulids,
copepods, nemotodes, harpacticids, and kinorhynchs.

These macro- and micro-infauna are important food sources for various
organisms. They also form an extensive food filtering system and are import-
ant in the breakdown of organic compounds (Riedl and McMahan, 1974). However,
knowledge of the dynamics and energy flows within the beach environment is
largely unsolved.

Jetty/Groin Communities

There are several jetties and numerocus groins in the Bay. Besides pro-
viding protection for the shoreline, these structures also provide substrate
for flora (e.g., algae) and fauna (e.g., amphipods and hydroids) to grow
(Zanaveld, 1972; Maurer and Walting, 1973). Growth on the structures resembles
the zonation common to rocky shorelines. The uppermost zone consists of blue-
green algae (Calothrix crustacea, Oscillatoria princeps, and Lyngbya spp.),
followed by green algae (Enteromorpha spp. and Ulothrix flacca) and inverte-
brates such as isopods and littorine gastropods. Barnacles (Balanus balanoides)
dominate the next zone changing to blue mussels (Mytilus edulis) with brown
algaes (Fucus spp.) below. Occurrence of species variety fluctuates with the
seasons, summer being the time of greatest development (Maurer, 1974).

Marshes

Delaware's and New Jersey's Bay shorelines are lined with tidal marshes
(Figure 1). Field studies completed for the National Science Foundation-



RANN Program indicated that there were approximately 92,700 acres of marsh
along the western shore of New Jersey from Camden to Cape May and aporoximately
81,800 acres on the Pennsylvania/Delaware shoreline from Philadelphia to Cape
Henlopen (Walton and Patrick, eds., 1973).

The type and distribution of emergent vegetation is dependent mainly on
tidal inundation, drainage, and salinity of water, sediment, and soil. These
factors cause both lateral and upstream zonation creating salt, brackish, and
freshwater tidal marshes. 1In disturbed areas of ditching, channelizing, and
filling, there are growths of reed grass (Phragmites communis), oroundsel bush
(Baccharis halimifolia), or high tide bush (Iva frutescens) (Walton and Patrick,
eds., 1973). The predominant tidal marsh plants of the area are listed in
Table 1.

Freshwater tidal marshes are located north of Salem, New Jersey and
Wilmington, Delaware with common species being American three-square (Scripus
americanus, Olney's three-square (S. olneyi), smartweed (Polygonum punctatum) ,
wild rice (2izania aguatica), arrow-arum (Peltandra virginica), spatterdock
(Nuphar advena), and species of pickerel weed (Portederia). spiked loosestrife
(Lythrum) , sedge (Eleocharis), and arrowhead (Sagittaria) (Daiber, et al., 1976;
Walton and Patrick, eds., 1973). In the lower estuary, where salt marsh vege-
tation is dominant, freshwater species also occur. Zizania and cat tails
(Typha spp.) grow around regions influenced by freshwater streams. Around im~
poundment areas, salt marsh vegetation is reduced and replaced with pondweed
{Potamogeton spp.), widgeon grass (Ruppia maritima), Typha, wild millet
(Echinoclva), and muskgrass (Chara spp.) (Daiber, et al., 1976).

The lower shorelines of the bay are dominated by salt marsh vegetation.
Cordgrass (Spartina alterniflora)occurs nearest the water's edge, in tall form,
followed by short form up to the mean high water mark (Moul, 1973). Behind
the cordgrass stands, where the area is subject to higher tides, salt marsh
hay (S. patens) and spike grass (Distichlis spicata) dominate. Proceeding
farther inland to higher elevation, the soils become drier and groundsel
bush and highL tide bush are interspersed among the grasses. These species
represent the upper limit of the salt marsh. Next is the transition zone
where drainage patterns extend far inland and water becomes essentially fresh.
This area has no predominant vegetation but has plants characteristic of both
fresh and salt water.

The plants of the tidal marshes, along with the phytoplankton within the
tidal creeks and edaphic algae on the mud surfaces, are primary producers
and are therefore the foundation of the total estuarine productivity. Primary
production is the amount of plant material made within a growing season.
These plants are utilized mainly as a food source after they are chemically
broken down (decomposed) by bacteria and fungi. Spartina has proven to be
especially important for primary productivity. Phragmites communis, Iva
frutescens, and Baccharis halimifolia do not have much nutritive value but
are important as nesting and shelter areas (Daiber, et al., 1976).

The important aspects of the tidal marshes are well documented. They
provide food and shelter for wildlife, serve as migration stop-cver areas,
and spawning and nursery grounds. They also act as a buffer against floods
and washover and serve as a sediment trap and water quality purifier.

The marshes harbor many invertebrates, birds, and small mammals. Maurer
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Table l. Common tidal plants of Delaware Bay/Lower Delaware River.*

Genus and species

Aenida cannabina
Acorus calamus
Ambrosia trifida
Baccharis halimifolia
Distichlis spiecata
Hibiscus palustris
Impatiens capensis
Iva frutescens

Juncus gerardi
Jussiaea repens
Lythrum salicaria
Nuphar advena

Panicum virgatum
Peltandra virginica
Phragmites communis
Pluchea purpurascens
Polygonum punctatum
Pontederia cordata
Sagittaria latifolia
Salicornia europaea
Scripus americanus

S. olneyi

Spartina alterniflora
S. eynosuroides (Linnaeus)
S. patens (Aiton)
Typha angustifolia

T. latifolia

Zizania aquatica

Common name

water hemp
sweetflag

ragweed

marsh elder
spikegrass

marsh mallow
touch-me-not

high tide bush
black grass

water primrose
spiked loose strife
spatterdock
switchgrass

arrow arum

reed grass

salt marsh fleabane
swartweed

pickerel weed
arrowhead

samphire
three-square rush
Olney's three-square
salt marsh cordgrass
big cordgrass

salt hay

cat tail (narrow leaved)

cat tail (broad leaved)

wildrice

*Sources: Daiber, et al., 1976 and Walton and Patrick, eds., 1973.



and Wang (1973) have a comprehensive list of many of the marsh inhabitants.
Snails (Melampus and Littorina), fiddler crabs (Uca spp.), and marsh crabs
(Sesarma spp.) are found in the lower marsh zones feeding directly on Spartina.
The grasses are also utilized by many avian species for food, shelter, and
nursery grounds and include clapper rails, seaside sparrow, red winged black~-
birds, sharptailed sparrows, and willets. Some of the birds also prey on the
invertebrates and insects within the marsh.

Birds are the most characteristic inhabitants of the marsh areas.
The most familar are the migratory species. The Delaware Bay is situated
along the major flyways of the North American continent and therefore, the
marsh areas are highly utilized by migrating species. These include mallards,
pintails, blue and green winged teals, black ducks, gadwalls, and Canada
geese.

Small mammals such as meadow mouse and muskrat occupy the brackish marsh
areas. Raccoons, opposums, woodchucks, weasels, foxes, deer, and rabbits are
essentially upland creatures but are known to roam into the wetland areas in
search of food.

Benthic Communities

The Delaware Bay benthic community contains an abundance of invertebrate
life, some of which is commercially important. Oysters, blue crabs, and hard
clams are those that have significant resource value to commercial and recrea-
tional fishermen.

Blue crabs (Callinectes sapidus) have a wide salinity range and are found
throughout the estuary (Figure 2). The life cycle of the blue crab is carried
out in varying salinities (Beccasio, et al., 1980). 1In the spring they move to
low salinity waters and mate from spring to early fall. Females then migrate
to higher salinity areas to hatch their young. Within 15 days the young hatch
and return to lower salinity waters. Inshore the crabs mature within 12 to 14
months.

Commercial crabbers follow the life cycle patterns of the crabs. In the

summer they are potted in shallow waters and during the winter they are dredged.

Recreational crabbing is restricted to shallow water locations. In 1980, Dela-
ware harvested 38,450 bushels which was valued at $642,643 (Rick Cole, personal
communication). In New Jersey, a total of 29,500 bushels of hard shelled and

a total of 60,160 individual soft shelled crabs were caught in 1980 (L. Garri-

son and J. Dobarro, personal communication).

Oysters (Crassostrea viginica) occur on three types of beds - natural seed
beds, planted beds (Leased Oyster Grounds), and adjacent river beds (Maurer
and Watling, 1973) (Figure 3). 1In Delaware, oysters are located from Woodland
Beach to Big Stone Beach, with 7,417 acres of leased beds, and are also found
in the Broadkill, Mispillion, Murderkill, and St. Jones Rivers (Daiber, et al.,
1976; Maurer and Watling, 1973). On the New Jersey side, there are approxi-
mately 650,000 acres of natural and planted beds from the vicinity of Arnold
Point to Tape May, close to the mouth of the bay. The adjacent river beds are
located in Maurice River, Dividing Creek, Nantuxent Creek, Beach Creek, West
Creek, and 18 other small creeks (Caruso, 1981). Those in the creeks and
rivers extend upstream for 4,000 yards (Maurer and Watling, 1973).

8



CTETTEERw TR T RN T T ey e e T T Tee———T

PENNSYLVANIA

NEW JERSEY

BLUE CRAB AND LOBSTER SITES
BLUE CRAB POTTING

23] 9LUE CRAB DREDQING

AMERICAN LOBSTER

MILES

KILOMETERS

" 20

Center for Coastal and Environmental
Studies - Cartography Lab

I~

S

// P
//

/// //§
e //////////////
/
l '

DELAWARE

Sources: US Fish and Wildtife Service. 1980;
NJ DEP. Division of Fish, Game. and Wildlite, 1981

Figure 2.




PENNSYLVANIA

NEW JERSEY

.- - — o

OYSTER AND
HARDCLAM BEDS

I ovster seso BeD

LEASED OYSTER
GROUNDS

E HARDGLAMS

MILES
s ° [ 10
KILOMETERS

v

(] [] £ 10 15 20

LY Centar for Coastal and Environmental
Studies - Cartography Lab

SEangyr 4

DELAWARE

Sources: US Fish and Wildlite Service, 1980,
NJ DEP. Division of Fish. Game. and Wildlite, 1981

Figure 3.
10

DT Y

e

— s - ——



15

Oysters spawn during the summer and hatch within six to 14 days. Free
swimming larvae then settle and attach to hard substrates. They are suitable
for harvesting within three to five years. The harvest season usually extends
from November to April. In Delaware, oyster landings for 1980 amounted to
$822,150 for 91,350 bushels. In New Jersey, the seed bed production amounted
to 434,270 bushels; the market harvest figures were valued at $5 million (N.J.
DEP, Division of Fish, Game and wildlife, 1981).

There are also 154 invertebrate species associated with oyster beds and
they are listed and described in Maurer and Watling (1973). The top 23
species in order of decreasing frequency of occurrence are: Sabellaria
vulgaris (polychaete), Concpeum tenuissimum (ectoproct), Panopeus herbsti
(crab), Nereis succinea (polychaete), Palaemonetes vulgaris (shrimp),
Crassostrea virginica (oyster), Nassarius cbsoletus (mud snail), Polydora
websteri (polychaete), Membranipora tenuis (ectoproct), Garveia fransiscana
(hydroid) , Balanus improvisus (barnacle), Diadumene leucolena (sea anemone),
Aiptasiomorpha luciae (sea anemone), Melita nitida (amphipod) , Obelia
longicyatha (hydroid), Alcyonidium polyoum (ectoproct), Sertularia argentea
(hydroid) , Crangon septemspinosa (shrimp), Hydroides dianthus (polychaete) ,
Eurypancpeus depresses (crab), Modiolus demissus (ribbed mussel), Parapleustes
sp. (amphipod), and Hartlaubella gelatinosa (hydroid). The diversity of
species decreases up the bay.

Hard clams or quahog (Mercenaria mercenaria) are located in the lower
section of the bay in high salinity waters (greater than 15 parts per thou-
sand) (Figure 3). They spawn in the summer and after two to three weeks the
larvae settle mainly in shallow waters. In two to three years they reach
commercial size. Even though they may be harvested year round they are
mainly gathered in the summer months. New Jersey does not harvest hard clams
from the bay since the clam bed location is in an area which is closed to
shellfishing. Delaware does harvest hard clams, but a 1971 survey has shown
a serious depletion in population (Daiber, et al., 1976). Commercial land-
ings for hard clams were not available.

Hard clam areas also have an associated fauna. Large whelks (Busycon
carica and B. canaliculatum), sea star (Asterias forbesi), horseshoe crab
Limulus polyphemus), rock crab (Cancer irroratus), and spider crab (Libinia
emarginate) occur in abundance (Maurer, 1974). Horseshoe crabs also pro-
vide substrate for smaller invertebrates such as blue mussels (Mytilus
edulis), slipper shells (Crepidula plana, C. convexa, and C. fornicata),
ectoprocts (Conopeum tenuissimum and Membranipora tenuis), and polychaetes
(Sabellaria vulgaris). Hermit crabs (Pagurus longicarpus and P. pollicaris)
utilize empty whelk shells. Hydroids (Sertularia agentea, Garveia franciscana,
Obelia spp., and Tubularia crocea) were found attached to dead clam shells.

American lobsters (Homarus americanus) (Figure 2} are found mainly at
the Delaware breakwater off Cape Henlopen (Beccasio, et al., 1980) but have
been known to extend at least eight miles up the bay on hard sand and rock
bottoms in deep channels, e.g., the channel between 014 Bare Shoal and the
Lower Middle Shoal (Winget, et al., 1971).

11



Special Status Species

Special status species are those fish and wildlife that are placed on
Federal and/or State Endangered or Threatened Species lists. Species within
the study area which have special status qualification include three fish, ten
birds, two amphibians, and nine reptiles (Table 2). The decline in population
of these species attributed to pollution, overhunting/fishing, and/or reduction
in habitat, warrants their protection.

The anadromous shortnose sturgeon have been recorded in this area, but its
distribution pattern, concentration, and spawning grounds are unknown (Dames
and Moore, 1980). The Atlantic sturgeon has known spawning grounds along the
New Jersey shoreline between Salem River and the Delaware Memorial Bridge (U.S.
Fish and Wildlife Service, 1980). The American shad, listed as threatened in
New Jersey, may be designated as endangered due to increasing pollution stresses
(Dames and Moore, 1980). The shad utilizes the entire Bay and River during
its migration runs.

The endangered and threatened birds include shorebirds, raptors, and wad-
irg birds. They nest in different communities of the Bay (Figure 4). Shore-
birds, e.g., terns, nest on sandy beaches along the oceanside. BRald eagles,
both residents and migrants, nest in tall trees that fringe marshes and tidal
creeks. Peregrine falcons have nc breeding populations in the area. Other
raptors, the hawks and osprey, utilize marsh areas during migration and nesting
seasons. Herons on the New Jersey State Threatened Species List nest in areas
of northern Delaware and along the oceanside marshes of Cape May County.

Endangered and threatened reptile and amphibian sites, both aquatic and
terrestrial, are limited. Those that are terrestrial are found mainly in the
Pine Barrens of New Jersey. Pineland's habitat extends to the margins of the
Bay so there are several restricted sites within the study area (Figure 5).

The aquatic reptiles are all oceanic turtles and thus are not found within the
study area. During the summer they deposit eggs along southern oceanside beaches
of Delaware. These turtles are included because they could be impacted if a
catastrophic spill occurred during the summer and spread to the oceanside
beaches.

Aquatic Resources

Finfish

Over 150 species of fish are found in the Delaware Bay (Freeman and Wal-
ford, 1974). Over 60 species are known to spawn in the Bay (DeSylva, et al.,
1962). The fish either spend their entire lives or part of their lives within
the Bay, being anadromous, catadromous, or estuarine-dependent (Beccasio, et
al., 1980) (Table 3).

Anadromous species, those that migrate from the ocean through the Bay to
spawn in brackish or freshwater rivers, include alewife (Alosa pseudcharengus),
American shad (A. sapidissima), blueback herring (A. aestivalis), white perch
Morone americana), striped bass (M. saxatilus), and Atlantic sturgeon
(Acipencer oxyrhynchus) (Daiber, et al., 1976). The Bay serves as a nursery
ground for their juveniles.
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Table 2. Species with special status in Delaware Bay Regionl.

e
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Federal State

Species Endangered Threatened Endangered Threatened
Fish
Shortnose sturgeon X DEL NJ
Atlantic sturgeon NJ
American shad NJ
Birds
Least tern NJ
Roseate tern NJ
Black skimmer NJ
Great blue heron NJ
Yellow—-crowned night heron NJ
Bald eagle X DEL
Osprey NJ
Peregrine falcon X DEL
Cocper's hawk NJ
Marsh hawk NJ
Terrestrial Reptiles

and Amphibians
Beg turtle NT
Eastern tiger salamander NJ
Pine Barrens tree frog NJ
Northern pine snake NJ
Corn snake NJ
Timber rattlesnake NJ
Aquatic Reptiles

and Amphibians
Green turtle2 DEL
Hawksbill turtle2 DEL
Leatherback turtle3 DEL
Loggerhead turtle3 DEL
Atlantic ridley turtle3 X DEL

lSource: Beccasio, et al., 1980.

2 . ‘o
Oceanic summer visitor.

3 \ .
Oceanic summer resident.
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Table 3.

Common and/or important fish species of the Delaware Bay.

Common and

Use of Delaware Bay Estuary

migration/

spawn/ adult summering
Scientific Name period period nursery feeding wintering
Clearnose Skate lower bay/ X summering
Raja eglanteria spring
Little Skate lower bay/ X wintering
Raja erinacea April-May;
Nov.-Dec.
Atlantic Sturgeon anadromous/ brackish X
dcipenser oxyrhynchus early spring and fresh-
water/April
American Eel catadromous/ X
Anguilla rostrata Aug.-Nov. to
sea; April-
May juveniles
return
Alewife anadromous/ freshwater nearshore X some
Alosa pseudoharengus April-May and tidal of bay wintering
creeks/
spring
American Shad anadromous/ " " X
Alosa sapidissima March-May
Blueback Herring anadromous/ " " X
Alosa aestivalis April-May not as far
up as other
herrings
Atlantic Menhaden lower bay/ nearshore X
Brevoortia tyrannus March-Oct. of bay and
tributaries
Bay Anchovy open waters " X wintering
Anchoa mitehilli of bay/May~
Sept.
Channel Catfish freshwater/ found
ITetalurus punctatus spring in FW2
areas
White Catfish " "
Ietalurus punctatus
Brown Catfish " "
Tetalurus nebulosus
Mummichog marshes/ X X year round
FPundulus hetercclitus spring and resident
Striped Killifish nearshore/ X X "
Fundulus majalis May-Aug.
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Table 3 (continued).

Use of Delaware Bay Estuary

Common and migration/ spawn/ nurser adult summering
Scientific Name period period y feeding wintering
Atlantic Silverside nearshore/ X X year round
Menidia menidia spring—-summer resident
White Perch anadromous/ fresh and nearshore X wintering
Morone gmericana spring brackish/ and tribu-
spring taries
Striped Bass anadromous/ swift fresh~ nearshore X wintering
Morone saxatilus spring water/ of upper bay
spring and lower
river
Winter Flounder bottom X wintering
Pseudopleuronectes nearshore
americanus of lower
bay.
Yellow Perch from brack- shallow reside in
Perca flavescens ish to FW*/ freshwater/ tributaries
Feb.-March March-April of bay
Bluefish . X found
Pomatomus saltatriz spring -
fall
Spot deepwater nearshore X
Letostomus xanthurus of lower up to C & C
bay/ Oct.- canal
January
Atlantic Croaker lower bay/ nearshore X
Micropogon undulatus Aug.-Dec. and tribu-
taries up
toC &D
canal
Weakfish southwestern northern X
Cynoscion regalis section of waters of

Northern Puffer
Sphoeroides maculatus

Summer Flounder
Paralicthys dentatus

Hogchoker
Trinectes maculatus

bay/spring bay
and summer

high salinity X X
waters/late
spring
nearshore, X
lower bay
mouth of nearshore X
bay/July- and tribu-
Aug. taries of

entire bav

year round
resident

in high
salinty areas

summering

year round
resident

1. Sources: Daiber, et al., 1976;

2. FW = freshwater

Kantor, 1977
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The Alosa spp. are important sport, commercial, and forage species.
Migrations start in the spring with the American shad arriving first, followed
by the alewife, and then the blueback herring. It is during these spring
migrations that they provide recreational fishing. After spawning, the adults
leave the bay in the summer, but the young remain in low saline waters gradually

moving downstream. In the fall the young return to the ocean (Beccasio, et al.,
1980).

Some or all of the adult populations of white perch and striped bass live
within the lower portions of the bay. Striped bass, however, are mainly in the
open ocean during nonspawning periods. Migrations to tidal freshwater tribu-
taries start in the spring. Suitable spawning grounds for striped bass have
dwindled due to pollution. The major spawning ground of the striped bass has
been reduced to the Chesapeake and Delaware Canal (Daiber, et al., 1976).

The Atlantic sturgeon's population has declined immensely in recent years
(Daiber, et al., 1976). This species was commercially prized for its flesh
and production of caviar, but now it is on the endangered list at the Federal
level and considered threatened in New Jersey (Beccasio, et al., 1980). The
sturgeon migrates to brackish and freshwater areas during April and May. The
juveniles are thought to spend a number of years in the bay before returning to
the open ocean.

The American eel (Anguilla rostrata) is a catadromous species. From August
to November, migrations from freshwater to the ocean occur (Daiber, et al.,
1976) . It is presumed that they spawn in the Sargasso Sea during winter and then
die (Beccasio, et al., 1980). Juveniles return to the Delaware Bay in mid=-
spring and mature for several years. Eels are caught from March to December
with the most productive catch in the fall.

Estuarine-dependent species, those that spend some stage of their life
within an estuary, make up the majority of ecclogically, recreationally, and
commercially important fisheries. Included in this category are weakfish
(Cynoscion regalis), spot (Leiostomus xanthurus), Atlantic croaker (Micropogon
undulatus) , Atlantic menhaden (Brevoortia tyrannus), bluefish (Pomatomus
saltatrix), silver perch (Bairdiella chrysura), summer flounder (Paralicthys
dentatus), and winter flounder (Pseudopleurcnectes amerXicanus). These species
extensively utilize the bay area as spawning, nursery, and/or feeding grounds
but as adults they are also found along the continental shelf (Beccasio, et al.,
1980) .

One of the most important commercial and recreational fishes of Delaware
is the weakfish (Daiber et al., 1976). These fish migrate into the bay during
April and May to spawn. The spawning occurs mainly in the southwest portion
of the bay in an area south of the Mispillion River and west of the Ship Channel.
Juveniles later move to less saline waters in marshes and along the bay shore-
line.

The spot and Atlantic croaker spawn offshore but their juveniles utilize

the shallow upper estuary marshes. Spot are in the marshes during the early
spring and the croaker during early winter.

18
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The weakfish, spot, and Atlantic croaker are taken by both commercial and
sport fishermen during the spring through the fall., Best fishing areas tend to
be in the high saline waters of the bay and coastal waters.

Atlantic menhaden is the most valuable finfish in New Jersey (Gef Flimlin,
personal communication) and, in the Middle Atlantic Zone, has the highest com-
mercial yield of any finfish or shellfish (Beccasio, et al., 1980). However,
Delaware has virtually no landings of this finfish. The decline has been
attributed to alteration of nursery areas and better fishing techniques which
reduce adult populations (Daiber, et al., 1976). This species spawns in the
ocean in winter, during March pre-juveniles move into the bay and remain through-
out the summer. Juveniles inhabit low saline nursery grounds and move to more
saline areas as they develop. Adults stay in the lower portion of the bay for
most of the summer and, in October, move back to open waters with the juveniles.

Bluefish are found mainly in the open ocean for most of the year, but
juveniles enter portions of the bay to mature in late summer. The adults also
move inshore, but not as far upstream as the young. This species is most
important as a recreational fishery and has a secondary importance as a commercial
fishery.

Summer and winter flounders are commercially and recreationally important
estuarine—-dependent species. Summer flounders spawn offshore and the adults and
juveniles move inshore during the spring and return to the ocean in late summer
and fall. This species is fished throughout the year, with sport fishing
occurring in the spring and fall and offshore commercial fishing during winter and
early spring (Beccasio, et al., 1980). The winter flounder moves inshore
during the fall, overwinters in the bay, and spawns in the shallows during
January through March. The adults move back to deeper waters as water temperature
increases but the juveniles remain.

Phytoplankton

Phytoplankton are minute plants that are found in all water systems,
including the Delaware Bay and its tidal creeks. They contribute to the pri-
mary productivity of the estuarine system in that they are able to photosyn-
thesize, fix carbon, and produce complex molecules. These organisms are eaten
either by zooplankton or by planktivorous fish such as the shad.

Diatoms have been the phytoplankton most studied within the bay region. A
general description of diatoms in the bay is in Maurer and Wang (1973). Obeng-
Asamoa (1968) identified 139 species from Bombay Hook and 119 from Port Mahon.

The most common species were Acnanthes lanceolota, Nitzschia frustulum, and

N. filiformis. In a study done by Sullivan (1971) on edaphic diatoms in Canary
Salt Marsh, Lewes, Delaware, 104 species were identified. The predominant

forms were Navicula, Nitzschia, Amphora, Denticula, Coscinodiscus, and Cymatosira.
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Dinoflagellates in the Bay have not been studied extensively. Research
has dealt mainly with those species occurring in the ocean. Martin (1928,
1929) conducted studies of species in New Jersey's bays and estuaries. Forty
one species were identified with Ceratium being the dominant genus. Other
types present include Peridinium, Gymnodinium, Dinophysis, and Prorocentrum.
Dinoflagellates occur throughout the year but are abundant during spring and
summer,

Zooglankton

Zooplankton are microscopic animals comprised of many different kinds of
organisms from many different systematic groups. They are an important link
between the primary producers and the higher level consumers. They consume
various plant material and in turn are preyed upon by fish and others.

It is difficult to say how many types are present since their numbers and
distribution change yearly, seasonally, daily, and even hourly (Daiber, et al.,
1976) . Zooplankton have been studied in the Bay (Hulbert, 1957; Price, 1962;
Cronin, et al., 1962; and Ferrante, 1971) so that an estimation of their types
and distribution can be made (Table 4). Ten species, representing eight
general, seem to be most common: Acartia tonsa, Eurytemora hirundoides, E.
affinis, Pseudodiaptomus coronatus, Centropages typicus, C. hamatus, Temora
longicornis, Cyclops viridis, Gammarus fasciatus, and Neomysis americana.

A. cartia, Pseudodiaptomus, and Neomysis are distributed throughout most of
bay, with distribution varying slightly with the seasons. Centropages and
Temora are located in lower reaches of the bay with primary distribution

in the ocean. Cyclops and Eurytemora are located in the upper reaches of the
estuary, but Eurytemora extends to the lower bay during the winter.

An important characteristic is that they all have multiple spawning sea-
sons (Daiber, et al., 1976), with some species producing as many as six new
generations every year. Reproduction is active in spring and summer, which is
synchronized with the occurrence of most biological activity.

Mammals

There are many mammals in the Delaware Bay region which have recreational
and commercial value. Whitetail deer, eastern cottontail, gray squirrel, and
eastern fox squirrel are hunted for sport. These animals mainly inhabit
upland areas. :

Furbearers include raccoon, oppossum, longtail weasel, striped skunk,
gray fox, red fox, muskrat, river otter, and mink (Beccasio, et al., 1980).
The river otter and mink are both important commercial species found in
streams and marshes. The most valuable and numerous is the muskrat. It is
found in tidal marshes. The muskrat's breeding season is from January to
Octcber, bearing several litters each year. Higbee Beach, New Jersey, has one
of the most productive muskrat areas in the country, with more than one lodge
per acre counted at Pond Creek Meadow (Beccasio, et al., 1980). In Delaware,
Thousand Acre Marsh (St. Georges Creek) has high trapping value because it
is a productive muskrat, otter, and mink area (Daiber, et al., 1976).
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Table 4.

Principal zooplankton in the Delaware Bay estuary.

Coelenterata
; Aglantha digitale
| Bougainvillia sp.
Nemopsis bachei
Blackfordia virginica
] Dactylometra quinguecirrha

Ctenophora
: Beroe ovata
. Mnemiopsis leidvi

Chaetognatha
Sagitta elegans
Sagitta enflata

' Annelida
Autolytus cornutus

Tomopteris sp.

Arthropoda
Crustacea
Cladocera
Evadne nordmanni
; Podon leuckarti
[ Penilia avirostris

Copepoda
' Calancida
r Acartia tonsa*
Centropages typicus*
Centropages hamatus*
: Eurytemora hirundoides*
E Eurytemora affinis*
Labidocera aestiva
Pseudocalanus minutus
Pseudodiaptomus coronatus*
Temora longicornis*
Cyclopoida
Corycaeus americanus
Cyclops viridis*
Harpacticoida
Euterpina acutifrons

Ty TR W YW T

Cirripedia
Barnacle larvae

Mysidacea
Neomysis americana*

Arthropoda (continued)
amphipoda
Gammarus fasciatus¥*

Isopoda
Aega sp.

Decapoda
Crangon septemspinosa
Callinectes sapidus
Pinnotheres maculatus
zoea
megalops
caprellids

Chordata
Tunicata
Oikopleura dioica

Fish
Larvae of several species

*Indicates most common species

Source: Maurer, 1974.
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Birds

Shorebirds, wading birds, ﬁaterfowl, songbirds, and raptors all utilize the
bay area because of the available varied environments. The marshes provide ex-
cellent nesting and breeding areas for migratory birds. Delaware's major wading
and shorebird nesting populations are listed on Table 5.

The most common shorebird species in the study area include greater and
lesser yellowleg, short-billed dowitcher, several types of sandpipers (pectoral,
least, stilt, semipalmated, and western), marbled godwid, blacknecked stilt,
qulls and terns (Beccasio, et al., 1980). The more unusual tern species include

the royal, caspian, black, and roseate, which is considered threatened in New
Jersey.

An important shorebird habitat is Thousand Acre Marsh located in northern
Delaware (Beccasio, et al., 1980). At South Cape May Beach, New Jersey, four
nesting pairs of common terns and 100 nesting pairs of least terns were counted
during 1977 (Erwin and Korschgen, 1979). In Delaware, 20 nesting pairs of least
terns were located on Broadkill Beach while at Cape Henlopen State Park 11
nesting pairs of common terns, 92 nesting pairs of least terns, and eight nesting
pairs of black skimmers were inventoried by air survey (Erwin and Korschgen,
1979).

During spring and fall, the marsh areas are occupied by many types of wading
birds. The most conspicuous are the herons, egrets, and ibises which nest
mainly on shrubs and trees. Other common wading birds are the king, clapper,
and Virginia rails which frequent marshes for nesting during migration (Daiber,
et al., 1976).

There were several important heron nesting sites found in Delaware during
a 1977 survey conducted by Erwin and Korschgen (1979). Great blue heron nesting
sites were located in woodland habitat near Milton (30 nesting pairs) and along
Augustine Creek, south of Delaware City (142 nesting pairs). Pea Patch Island
is one of the larger heronries in the Mid-Atlantic Zone and considered a unique
breeding area of national significance (Beccasio, et al., 1980). The following
nesting pairs were found: great blue heron (2), green heron (2), little blue
heron (600), cattle egret (40,000), great egret (250), snowy egret (1,000),
Louisiana heron (50), black-crowned night heron (400), Yellow-crowned night
heron (40), and glossy ibis (700).

The Delaware River estuary is an important stop-over area during spring and
fall migrations for waterfowl. Mallards and black ducks are the most abundant
while Canada geese outnumber other geese (Beccasio, et al., 1980). Lesser scaup,
redhead, canvasback, and ring-necked ducks are the most common diving ducks.
Other waterfowl include pintail, American widgeon, green winged teal, gadwall,
shoveler, snow goose, and brant (Daiber, et al., 1976). Also, a large population
of loons and grebes remain in the Delaware Bay throughout the year (Beccasio,
et al., 1980).

Bombay Hook is an important area for Canada geese with the population peaking
at 50,000 (Beccasio, et al., 1980). Near Fortescue, New Jersey, a concentration
of snow geese can be found during the winter until ice forces them to migrate
south and then reappear in April.
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Table 5 Waterbird nesting populations in Delaware during 1977.*

Number of Total breeding Mean colony
Species colonies pairs size
great blue heron 3 142 58
green heron 1 2 2
little blue heron 1 600 600
cattle egret 1 4,000 4,000
great egret 1 250 250
snowy egret 1 1,000 1,000
Louisiana heron 1 50 50
black~crowned night heron 1 400 400
yellow-crowned night heron 1 40 40
glossy ibis 1 700 700
herring qull 1 31 31
laughing gull 1 96 96
common tern 6 451 75
least tern 4 166 41
black skimmer 4 27 7

*Source: Erwin, 1979.
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The wildlife and refuge areas are alsc important areas for raptors. The :
bay area provides a nesting habitat for the endangered bald eagle, with the
best known pair nesting at Bombay Hook National Wildlife Area from early
December to mid-May (Beccasio, et al., 1980). Bombay Hook, Woodland Beach 1
Wildlife Area, and Little Creek Wildlife Area are prime stop-over areas for
the peregrine falcomns. )
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Part B. Physical Characteristics of Delaware Bay

Delaware Geclogy and Topography

Delaware is located in two geological subdivisions. These are the
Appalachian Piedmont province and the Atlantic Coastal Plain province. The
fall line, that is, the division between these two provinces, crosses the
northern part of the state through Wilmington and Newark. Roughly six per-
cent of the land area of Delaware is north of the fall line in the Piedmont
province. '

a. The Appalachian Piedmont

The rocks of the Piedmont are very old, hard, and crystalline. These
rocks extend seaward, and provide a platform upon which coastal sediments
have been deposited.

The Piedmont is characterized by moderate-to-steep slopes and narrow
stream valleys. The highest elevations of Delaware are in this province, the
highest point at 442 feet (134.7 m) above sea level.

b. The Atlantic Coastal Plain

Rocks of the Coastal Plain are complex, interfingering beds of largely
unconsclidated sands, gravels, and clays. The Coastal Plain is essentially
part of a trough that includes the offshore submerged Continental Shelf.
Active sedimentary basins offshore receive extensive amounts of sediments
from the Delaware and other rivers. Sedimentation is also occurring in the
Delaware Bay proper.

The exposed Coastal Plain is low and relatively flat. Elevations range

from sea~level to sixty feet (18.3 m), averaging about thirty feet (9.1 m).
Slopes in this province are generally less than ten percent.

Coastal Morphology

The coast of Delaware has been divided into a number of zones based on
local morphology (Kraft and John, 1976). These zones which include the Dela-
ware Bay coast are:

1) A tidal coast against Piedmont, where an upper, deeply incised
coastal plain with highlands merges with the tidal Delaware River.

2) A middle c¢oastal plain area, with lesser numbers of highlands
merging with the edge of the shoreline area in the vicinity of the
lower Delaware River.

3) The broad low-lying coastal plain of southern Delaware adjacent to
Delaware Bay. A broad wave fetch results in wave action and lit-
toral drift systems which help to maintain a barrier beach between
broad coastal marshes and the Delaware Bay.
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The coastal plain of the lower Delaware Bay is characterized by broad
thin, low-lying marshes, separated from the Bay by the sand and gravel beach
barrier. The barriers become increasingly narrow toward the northwest until
they are finally replaced entirely by the coastal marshes.

Delaware Bay Morphology

Delaware Bay has been extensively studied for sediment distribution
(Jordon, 1968; Oostdam, 1971) (Figure 6) and morphology (see Weil, 1976).
The presence of broad, shallow subtidal flats which comprise approximately
thirty-five percent of the Bay's area (Weil, 1976) characterizes the near-
shore environment. Active erosion and sediment reworking are important
features of these subtidal flats.

The other major morphologic features of the bay are linear sand shoals
and channels (Weil, 1976) (Figure 7). The shoals dominate the central por-
tion of the Bay, ranging in height from five to 20 feet (1.5 to 6 meters).
These shoals are non-mobile bedforms as evidenced by a review of historical
maps and charts (Weil, 1976). Two distinct types of channels exist in the
Delaware Bay. The first is the main Delaware River channel which represents
the drowned Delaware River and corresponds to the main navigation channel
through the Bay. The second type is the smaller, branching, tidally influ-
enced channel which cut the subtidal flats. The smaller channels probably
represent the ancient drainage pattern of the flooded Delaware River valley
(Weil, 1976; Maley, 1981).

General Climatology

A brief description of general climatological conditions in Delaware is
presented along with a separate summary of conditions in the coastal areas of
the Bay. This information is presented in terms of winds, waves, and currents.

a. General Climate

Delaware's climate is characteristic of a continental regime, that is,
quite variable with a regular sequence of good and bad days alternating in
all seasons of the year. It has been shown that about forty percent of the
low pressure areas in the United States pass northwestward over the lower
Delaware River basin. High pressure systems frequently stagnate over the
area for several days in late summer and in the fall (Governor's Task Force,
1972).

The climate is generally mild, with only a few brief periods of hot,
humid summer weather, and cold, windy periods in winter. Mean annual
temperatures are 55-58 degrees, Fahrenheit (12.7 -to 14.4 degrees, Centigrade).

Annual precipitation is well distributed throughout the year, totaling
about 45 inches (114 cm). Average monthly rainfall is over three inches
(7.6 cm), with October and November the driest months (2.5 - 3.0 inches;
6.4 - 7.6 cm).

26



&y T

T T e

PENNSYLVANIA

e, gl NEW JERSEY
S

SEDIMENT DISTRIBUTION

MUDDY SAND

NN GRAVELLY SAND

@ GRAVELLY MUDOY SAND

Ve

7
MILES
5 ) 5 10
KILOMETERS
5 Q [ 10 18 20
Center for Coastal and Environmentai
Studies ~ Cartography Lab
H
s
DELAWARE

Source: Weil, 1978

Figure 6
27



DELAWARE

PENNSYLVANIA

—— - 2
— -~ o

\Vg7

2

N

Lowar Middle Shoal -«=x----

3

"\

g\’ e

Brandywine Shoal ------eesesl

Baymouth Channel

Source: Weil, 1978

Old Bare Shoal --\-e-ceeees2s '

NEW JERSEY

SHOALS AND CHANNELS

MILES

-]

KILOMETERS

s 10

S ]

Center for Coastal and Environmental
Studies - Cartography Lab

10

1% 20

§" e
\---- i@+ Arncid Point Shoal
\]

Bay Shore

Channeil

Figure 7.

28



Prevailing winds, on an annual basis, are from the northwest. Dominant
winds are from the northeast. These winds are more frequent in winter than
in summer, when the wind direction shifts more to the west and southwest.

b. Delaware Bay Conditions

1. Winds

Prevailing and dominant winds are the same as for the rest of the state.
Along the bay wind speeds are greatest in the winter, least in the summer.
Winds of long duration are infrequent, with winds of a specific direction
lasting for less than six hours the norm (Drew, 1981).

2. Waves

The correlation of wave distribution with wind speed and direction seems
to indicate that most of the waves in Delaware Bay are wind generated (Drew,
1981). Waves are generally low, averaging less that two feet (0.6 m) 80% of
the time. Wave energies are, as expected, dgreater in winter, less in summer.

3. Currents

Tides generate the main currents in the Bay. The tide is semidiurnal
with a period of 12.42 hours. Tidal range increases throughout the Bay from
4.3 feet (1.3 m) at the Capes to about 6.7 feet (2 m) at Trenton.

Tidal currents are generally directed along the longitudinal axes of
the Bay, except in the low energy environment behind Cape May, New Jersey.
Maximum tide flow of 2.0 to 2.5 knots (2.3 to 2.0 km/hr) are attained at
periods of local maximum flood and local maximum ebb. Ebb tidal currents
are greater than flood tidal currents at all locations (Polis and Kupferman,
1973).

Longshore currents, which are induced by wave action, vary along the
coast from place to place and day to day. In Delaware Bay, these currents
move southward 74% of the time and northward 26% of the time (Drew, 1981},
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SECTION II

OIL SPILLS AND BIOLOGICAL IMPACTS

An o0il spill in the Delaware estuary could be a potentially catastrophic
event in light of the unique and fragile biota of the area. This section
reviews the history of oil spills in the estuary in the recent past, and dis-
cusses the influence of background pollution on assessing oil spill effects.
The effects of oil spills are addressed for two scenarios. The first assumes
that current practices and technologies are employed. 1In the second, spills
from a proposed bulk transfer facility are incorporated. Both scenarios
include chronic and episodic oil spills.

Part A. Recent 0il Spill History

Records of the United States Coast Guard's (USCG) Pollution Incident
Report System (PIRS), compiled for the years 1974 to 1980, show that oil spill
incidents have been decreasing in the estuary (Table 6). This has been attri-
buted to the dramatic rise in the cost of o0il, an increase from $2 a barrel in
1960 to $35 in 1980, which has prompted more careful handling on the part of
industry (Zakrzewski, 1980). Perhaps more important has been the focus on
improving environmental quality which was influenced by interest group activi-
ties beginning in the early 1970's.

Crude oil spills from vessels represent 17% of all petroleum spills but

have accounted for 43% of all petroleum released into the estuary from vessels.
Analyses of the USCG PIRS records have shown that tankers and barges spilled
4,873 gallons of crude while at anchorage, 825,060 gallons while underway, and
46,498 gallons at the piers. Computed in terms of annual chronic spills it is
seen that approximately 696 gallons per year are spilled at anchorage and 6,642
gallons per year are spilled at the piers. It is important to note that not
all spills reported have had the spilled amount recorded. Therefore, these
numbers are estimations.

Although oil spills are world wide occurrences and have been extensively
studied for their effects (Table 7), the results of these studies have proven
to be of limited value. Results are often conflicting due to the various
methodologies and interpretations used to assess impacts and also the different
biological and physical factors involved. O0il spill data within the Delaware
Bay are available but there is very little information about the effects of
chronic and episodic spills on flora and fauna. When large spills occurred
in the area, no monitoring groups were prepared to assess impacts, as in the
Corinthos incident which released 500,000 gallons of crude into the Delaware
River. Additionally, the lack of baseline studies has hindered attempts to
study changes in water quality and biota after a spill. This is particularly
true in two cases. The Big Stone Anchorage site in the Bay is affected by
chronic spills due to the lightering of tankers. Also, the area between Wilming-
ton, Delaware and the oyster seed beds is affected by hydrocarbons released from
industrial facilities at Delaware City, which at times preSEntAprleems to
the oyster population (Patrick and Whipple, 1977).
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Table 6. Summary of vessel petroleum spills in the Delaware Bay estuary.

Percent of Percent of

Number of Number of Crude to Amount of Amount of Crude to
Year Petroleum Spills Crude Spills All Spills Petroleum (gallons) Crude (gallons) Total Amount
1974 20 17 18 312,531 17,862 6
1975 83 19 23 601,639 508,882 85
1976 109 12 11 227,722 134,764 59
1977 74 13 17 10,461 813 8
1978 56 8 14 637,269 2,450 .4
1979 64 13 20 229,067 212,400 93
1980 65 10 15 7,595 1,331 17
Total 541 92 x =17 2,026,284 878,502 X = 43

Source: Data compiled by Port Authority from USCG PIRS, 1974-1980.
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Table 7.  _

e T T

Summary of some effects of petroleum products on marine orpanisms.

Type of Organism
Species

Reference

Type of Petroleum Pro-
duct/ Concentration

Response

MARINE FLORA

Marsh Plants
(Festuca rubra,
Distichlis maritima)

Marsh Plants
(Spartina spp.)

Marsh Plants
(Distichlis spicata,
Salicornea begeloii,
Spartina alterniflora)

Phytoplankton
(diatoms and dino-
flagellates)

Phytoplankton
(Phaeodactylum tricornu-
tum)

Phytoplankton
(various species)

Baker, 1971

Lytle, 1975

Stone, 1972

Mironov, 1970

Lacaze, 1969

Moore, et al., 1973

crudes and refinery
effluents/ single or
successive coatings with
crude

crude/ poured into
pond

weathered crude/
J16%, .32%, .65%Z, 1.31%
in solution

1 4

"5i1" / 107 to 10~

ppm

Kuwait crude/ 1 ppm

"oil"/ .0001 - 1.0
ml/1; most used
.001 - 1.0 ml/1

Inhibition of germination and
growth. Repeated coatings
cause disappearance of some
plants (increasing order of
tolerance: shallow rooted
plants, shrubby perennials,
perennials with large food
reserves).

Decrease in productivity.

10% - 85% survival rate.

l.ong time exposure at

high concentrations are quite
lethal.

Inhibition or delay in cellu-
lar division.

Depression of growth rate

Death occured at 1 ml/1 (1000
ppm); delayed cell division at
1.0 - .001 m1/1 (10 - .01 ppm);
Does not describe o0il used or
whether concentrations are
soluyble or not.
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Table 7.

A

Continued.

Type of Organism
Species

Type of Petroleum Pro-

Reference duct/ Concentration Response

MARINE FLORA

Phytoplankton
(Prasinophyceae, Halos-
phaera sp, Pterosperma sp.

Moore, et al., 1973 crude slick/ unknown - Lethal toxicity and reduced

incident at Torrey Canyon population

6reen algae
(Enteromorpha intestinalis;
Chaetomorpha aerea; Ulva

Moore, et al., 1973 crude slick/ heavy coat-
ing, incident at Santa

Barbara

Slight damage except where
completely coated. High inter-
tidal plants where oil dried

142

californica)

Green algae
(Entermorpha sp.)

Green Algae
(Ulva lactuca)

Phytoplankton
(mixed natural samples)

POLYCHAETES

larvae -
Sabellaria spinulosa

Sabellaria spinulosa

Schramm, 1972

Davavin, et al., 1975

Gordon and Prouse,
1973

Smith, 1968

Moore, et al., 1973

crude oil/coating

crude oil/ .1 - 10
ml/1 (100 - 10,000 ppm)

Venezuelan crude, No, 2
and 6 fuel oils/
10-200 ug/1

BP 1002/ 0.5 - 1 ppm

BP 1002/ .5 -1 ppm

were damaged.

CO2 assimilation reduced.

Complete inhibition of biosyn-
thesis of DNA and RNA at higher
concentrations.

Stimulation of photosynthesis
at 10-30 ug/l, decrease in
photosynthesis at 100-200 ug/1
No. 2 fuel oil.

Abnormal irritability in larvae
revealed by stiffening out of
median setae.

1 ppm caused 100% mortality;

.5 ppm caused abnormal devel-
opment. Death definitely due
to kerosene solvent in BP 1002,
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Table 7. Continued.

Type of COrganism

Type of Petroleum Pro-

Species Reference duct/ Concentration Response
MOLLUSKS
Periwinkle Moore, et al., 1973 fresh crude oil/ not 1 - 89% mortality for L,

(Littorina littorea;
L. littoralis)

Periwinkle
(Littorina littorea)

Snail
(Nassarius obsoletus)

CRUSTACEANS
Barnacle larvae
(Balanus sp.)

Barnacle
(Pollicipes polymerus)

Barnacle
(Elminius modestus)

Benthic amphipods
(Gammarus oceanicus,
onisimus affinis)
Isopod

(Mesidotea entomon)

Copepod
(Calanus helgolandicus)

Moore, et al., 1973

Blumer, et al.,
1973

Mironov, 1970

Blumer, et al., 1971

Moore, et al., 1973

Percy, 1976

Spooner and Corkett,
1974

stated, sprayed on
for 1 hr. then washed
off

Bunker C/ Arrow
Incident

Kerosene/ saturated
extract diluted 1010,

"oi1"/ 10 - 100 ul/1

Crude-Santa Barbara
incident/field study
after blowout

BP 1002/0-100 ppm
Kuwait/lppm

3 crudes/oil- soaked
object; o0il tainted
food

Suspended o0il droplets
in lab. vessels/10 ppm

littoralis; L. littorea very
resistant.

Ingestion of oil, no effect.
011 which passed through diges-
tive system unmodified.

407 reduction in chemotactic
perception of food.

Abnormal development.

Apparent decrease in adult
brooding; no recruitment in
oiled areas.

0-3 ppm of BP 1002 -~ increase in
mortality, some reduction of
activity,

Avoidance of o0il masses and
0il tainted food for amphipods;
neutral response for isopod.

Decrease in feeding and metabo-~
lic activity among survivors
based on amount fecal pellets
deposited by controls vs. exper-
imentals.
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Table 7. Continued.

Type of Organism Type of Petroleum Pro-

Species Reference duct/ Concentration Response
POLYCHAETE
Cirriformia tentaculata Moore, et al., 1973 fresh fuel oil coating Little damage
on mud; shore terminal
spill
MOLLUSKS
Mussel Gilfillan, 1973, 1975 crude/ 1 ppm Reduction in carbon budget
(Mytilus edulis; (increase in respiration;
Modolus demissus) decrease in feeding and
assimilation).
Mussel Blumer, et al., 1971 No. 2 fuél oil/ collected Inhibition in development of
(Mytilus edulis) from field after spill gonads.
Mussel Gonzalez, et al., No. 2 fuel oil/ 10 ppb Decrease in filter feeding
(Mytilus edulis) 1976 to 1 ppm activity; and byssal thread
attachment at the higher conc-
centrations.
Clam Barry and Yevich, No. 2 fuel oil/ Gonadal tumors
(Mya arenaria) 1975 collected from field
Oyster Larvae Simpson, 1968 BP 1002 / 1 ppm Inhibition of growth.
(Ostrea edulis)
Oyster Larvae Renzoniz, 1973 Venezuelan crude/ 1, Fecundity sharply reduced,
(Crassostrea angulata; 10, 100, 1000 ppm could represent enormous re-
Crassostrea gigas) duction of embryos and larvae.
Oyster Gardner, et al., 1975 waste motor oil/ Incidence of lesions in bran-
(Crassostrea virginica) greater than 20 ppm chial efferent vein, mantle,
and gastro-intestinal tract,
Oyster Nelson-Smith, 1973 oil/ .01 ppm Marked tainting,

(Crassostrea virginica)
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Table 7. Continued.
Type of Organism Type of Petroleu Pro-
Species Reference duct/ Concentration Response
CRUSTACEANS
*
Shrimp Moore, et al., 1973 BP 1002/ 5 ppm 24 LD50 = 2 ppm
(Crangon vulgaris)
*
Pink shrimp Moore, et al., 1973 BP 1002 . 48 LD50 = 5.8 ppm

(Pandalus montagui)

Crab larvae
(Pachygrapsus marmoratus)

Crab
(Pachygrapsus crassipes)

Crab
(Uca pugnax)

Lobster larvae
(Homarus americanus)

Lobster
(Homarus americanus)

Lobster
(Homarus americanus)

FISH

Plaice larvae
(Pleuronectes platessa)

Mironov, 1970

Kittredge, 1971

Krebs, 1973

Wells, 1972

Blumer,
1973

et al.,

Atema and Stein,
1972, 1974

ilson, 1970

"0i1"/ 10-100 ul/l

crude/ dilutions of
diethyl ether extracts
(1:100)

No. 2 Fuel 0il/Field
observations after

West Falmouth Spill

Venezuelan Crude/
6 ppm

crude/ 10 ppm

La Rosa Crude/extracts
and whole o0il at
1:100,000 (10 ppm)

BP 1002/ 0-10 ppm

Initial increase in respiration

Inhibition of feeding.

Adverse effects on sexual
behavior. Mortalities in
heavily-oiled areas,

Delay molt to 4th stage
Effects on chemoreception,
feeding times, stress behavior,

aggression, and grooming.

Delay in feeding with whole
crude fractions.

Pisruption of phototactic
and feeding behavior.
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Table 7. Continued.

Type of Organism
Speciles

Reference

Type of Petroleu Pro-
duct/ Concentration

Response

FISH

Herring eggs

Menidia menidia

Cyprinodon variegatus

Lagodon themboides

Micropogon undulatus

Menidia menidia

Thread herring

(Ophistonema onglinum)

Moore, et al., 1973

Gardner, 1975

Steel and Copeland,
1967

Gardner, et al.,
1975

Moore, et al.,
1973

Russian Crude/ 103 and
2 x 104 ppm film

whole fractions/ 140 ppm
water-soluble/ 12 ppm
water-insoluble/ 588 ppm

petrochemical wastes/
0.2-2.0 ppm in addition
to 0.4-4.0 phenocl

waste motor oil/ greater
than 20 ppm

crude oil and emulsifers/
Ocean Eagle San Juan
incident

1007 of eggs killed.

Histological damage to
chemoreceptors.

Respiratory inhibition.

Incidence of lesions in vascu-
lar 